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ON THE 
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No 11145 

From the MILITARY BOARD, 

To THE Honorable .T A DORIN, 

Deputy Gaoemor of Bengal, 

Revenue Department 


Honorable Sir, 

Department Public Works 


Fort Wtlliamy 16^7^ January y 1854 

In continuation of our letter, No 10314, 
dated 4tli February 1853, we have tlie honor 


lirtter In originnl (vnth plans Nos *i09 to 902 Fm- 
bankmnnts,) No 4006, dated lOtli Februarf, 
from Lieut Col Ooodwyn, S E , 8 E P reportiug 
on the fiiate of the Damoodah Krnbankmeiiis and 
olTenne remarks on tho proposed abundonmeut of 
the embankments on the ri^ht bank 
Copy of letter. No 61b, dated 26th May 1853 from 
the same with enclosure on the subiect ol the possi- 
bility of forming a cut from the Danioodah vta the 
Buddyo Nullah to the Dalkissore 
Letter, (in onginal,) No 1473 dated 13th July, 1853, 
from the aame, submitting Sketcli Maps ol Lniite 
nants Stewart and Do Dourbel and Mr Neild s surviy 
and levels of the country between the Dumoodah and 
Koopnarain 

Copy of the flurvev Map with the ealculated range 
of the floods marked thereon (plan No 902, Embank- 
ments) 

Kenort in onginal of the Survey by Lieutenant Do 
Bourbel 

Drawings of Sections of the country compiled from 
the Survey (plans Nos 957 to 961 Embankments) 
Sketch Map of the lower part ot the Rivers Da- 
moodah and Hoopnarain and the adjacent country, 
showing the measures hkely to bo requii^ed for passing 
off the floods with saiety to lower Muiidleghuut (plan 
No 66b Embankments) ^ 

Memorandum in the Survey and question under 
discnasion by CspUm C H Dickens, OllicuiUng 
Assistant Secretary, MiUtoiy Board Ofllce 


whole of the papers on the subject at 


to submit documents as per mar- 
gin on the subject of the floods of 
the Danioodah River and the pro- 
posal to abandon the bunds on the 
right bank 

2, The fii st of these documents, 
Lieutenant-Colonel Goodwjn’s In- 
spection Report, we detained in 
our office, because it refers to the 
levels taken by Lieuts Stewart 
and Do Rourbcl, wdiose survey 
we were in daily expectation of 
receiving by the time the report 
had undergone consideration, and 
we thought It best to submit the 


3. Lieut-Col. Goodwyn’s Inspection Report is divided into three 
parts. The first describes the state of the embajikments of the Damoo- 


B 
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(iah as he found them; namely, the bunds on the left bank in tbc 
Burd^van Division, generally m good condition and well raised, but 
some of the lines of the new embankments m the Superintending Engi- 
neer’s opinion ill-plaecd, on the right bank the bunds neglected and 
111 bad order, and in the Midnapore Division, no improvement since 
Lieut -Col. Goodwyn last inspected the embankments The second part 
of the Repoit exj)lains the Supeiiiitending Engincei’s views on the 
subjc'ot of lining out new ernhankraents, on the Establishment he con- 
siders necessary, on sluices, and on other points connected with the 
maintenance of the embankments in an efficient state The third part 
of the Repoit is that winch more immediately concerns the question now 
under reference to Government In it the Superintending Engineer 
states his ojiinion of the feasibility of maintaining the Lunds on both sides 
of the D.iinoodali and advises the contraction of the space allowed for 
the flow of the current whcie it appeals to him to be too wide Lieut- 
Col Goodw yn bases his eoncliisions on the known power of water to 
scour out and deepen the (dianncl when it is contracted laterally, and 
refcis to instances in which tins mode of operation has effected great 
impiovemcnts in tlio channels of rivers, and to others m winch the 
attempt to lowci the flood ]c\el by allow^ing additional water-way has 
had ill ) 111 ions effects lie refci s to the features of the country as being 
unfavorable to the project of removing the bunds on the right bank of 
the Damoodah and deprecates any such measure, as unnecessary and 
fraught Avith ruinous consequences to the country 

4 In his letter, No. 536, the Superintending Engineer, South- 
Eastern PiOMUces, in leply to the Board’s letter desiring that the course 
of a branch of the Biiddye Nullah might bo tracc'd towards the Dalkissorc, 
w’^ith the view to a channel being foimed to connect that river with the 
Damoodah, furnishes a Report from Lieut De Bourbcl, stating that he 
had traced a Nullah fiom the Dalkissorc to within 4^ miles of the 
neaiest point of the Buddye, but that the intervening country was 100 
feet on the avei age, .ihovc the bed of the Damoodah. Lieut, De Bourbel 
howe\cr obsei\ed that as the country further West was formed of 
detached lulls, it wms possible that by taking a somewhat longer course 
t nioie fuor able line might be found, but he had been unable at that 
season to complete his survey or to take levels, for want of Establishment 
to clear away jungle We desired that the examination might be prose- 
cuted next (the piesent) season. 
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5 111 Ills subsequent letters, submitting the survey and Lieutenant 
De Bourbel’s Report, Lieiit-Col Goodwyn rcmaiks that no ridge ot high 
land exists between the rivers foi four-fifths of the distance included in the 
survey, and that the Dalkisore River is considerably lower than the 
Danioodah, and that the level of a very large tract ot country, between 
the rivers, is considerably below the flood level of the Dainoodalu* These 
ciiciiinstances Lieut -Col. Goodwyn refers to as confirmatory of tlie 
opiiuoiib expie&sed m his previous Report 

6 It will be observed that laeut -Col Goodwyn had not befoie liiiu 
tin complete sui\ey when he wrote hib Insjiection Repoit, tliougli lie 
had at that time become awaie of some of the rcbults of the levelling 
o])eiations, and it wdl further be been that in submitting tlie Suivey M.ip 
(which we had desired might be done without dela.^) he only detained it 
long cnougli to m.ike a c ursoiy examination, and kept no co])y. 

7. Finding that the* levels ot the survey showed the country 
botwei'u the iiveis to have foi the most part no decided features, and 
that it would be necessary to cntoi into long calculations to asceitain 
fiom the suivey the piobable lange of the floods, the papeis wcie 
made over to Captam C II Dickens, Assistant Sccretaiy in our ofhee, 
foi tins puipose. Ho has diawn up the accompanying memoiandum 
detailing the modes and results of liis calculation and the conclusions he 
has diawn from them m respect to the various projects fox the miprove- 
iiient of tlie Danioodah. 

8 Co})ies of tins memorandiun have, as already I’eported,* been sent 
to the Boaid of Revenue and to tlie Siipei intending Engineei Sonth- 
bkastein Piovmces TJie lattei has been desired to fuinish anj^ fiiither le- 
maikslie may have to make on the subject, foi submission to Govei mutant 

9 The mam jxnnts of the conclusions diawn la this memoiandum 
aie, that the cap.uity of the Danioodah channel dmiimshes in so gieat a 
degicc in passing from about 16 miles West of Buidwan to Oinptali, that 
it cannot, wlieii full up to tlie top of the bunds, carry off at tlie latter 
])1ace onc^-eiglith part of the flood discharge pei second, which it may 
receive from the more caiiacious channel above, and that consequently 
the bunds cannot be maintained diiiing any flood winch may last longer 
than to fill the channel, winch will be done by nine or ten lioiiis c>f the 
heaviest flood discharge of water , that the declivity of the Dainooihdi 


Military Board s Letter, No 10J3S, ui Jdid DeLLinbci 1803. 
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IS so great in passing over its sandy bed West of Burdwan, and so small 
in approaclimg Omptah, that the occuiTence of heavy deposits of sand 
IS inevitable ; that consequently the river does not admit of improvement 
by closing its embankments, because sufficient velocity cannot be obtained 
by that means to carry away, m the lower parts of the river, all the sand 
received from above, so as to prevent a rise of the bed, much less to scour 
it out to such a degree as to make it contain and carry off the floods , 
that the attempt to form embankments enclosing a sufficiently wide 
channel to contain and carry off‘ the floods, will be unsatisfactory and 
very costly ; that to attempt to carry off tlie floods by a channel cut 
from the Damoodah into the Roopnarain, will bo equally unsatisfactoiy 
and still more costly. Any complete and pennanent measures for securing 
the country on both banks from inundation apjiearing to be impracticable, 
an examination is then made of the results of removing the bunds from 
the right bank, by which it appears, that though the country will be 
subjected to very heavy and violent floods, they will not be much moie 
severe tlum those which have heietoforc passed over the same tract, 
though more regular in occurrence , that the flood level of the river 
from about five miles West of Burdwan downwards will be reduced by from 
eight to four feet, rendering the bunds on the left bank comparatively 
safe , that to effect this, the bunds on the right need be removed only 
foi 20 miles above the bend of the nver , that the quantity of land liable 
to inundation in the highest floods will be 383 square miles (7,411,681 
boegahs), but that a central bund may be constructed which will restiict 
theiangeof the floods to about 350 square miles (6,77,600 bcegahs) . 
that lower Mundelghaut cannot be protected -as originally pioposed 
bv a cross bund at Omptah, but that it w^ill be necessary to arrange 
the bunds so as to -allow increased w^ater-way for the floods to pass into 
the Roopnarain, which will probably require about 50,000 beegahs 
oi land to be given up to the floods , that the state of things 
])ioduccd by these arrangements will pi obably not be permanent , and 
that the cost of the woiks will bo a little more than 2^ lacs of rupees 
It IS finally concluded that the removal of the bunds oi the right bank, 
affording as it does almost comjdete security to the country on the left 
foi a great pait of the rner’s course, though not a final measure, is the 
best that can be adopted m the present state of tilings, and that if 
Government decide upon sonctioiung it, estimates for the following works 
will be lequiied. 



( 5 ) 


(1 ) Re-arrangement of the bunds on the lower part of the course 

ot the Roopnarain to admit «f the free passage of the floods^ abont 
lacs 

(2 ) Constructidh of a central bund to limit the flood# and mark the 
line separating the land^ liable to uiundation on the right bank of the 
Darnoodah (Rupees 40,000). 

(3.) Clearance of the bunds on the nght bank of the Damoodali 
for about 20 miles from Sungutgola to the head of the Cana Nuddee 
(Rs. 50,000). 

10. We have thought it best to submit the above memorandum 
entire along with Licut.-Colonel Goodwyifs reports, only embodying 
ab^tiacts of their contents in this letter, as the statements of facts 
and arguments brought forward in the discussioij in question, cannot 
be compressed without losing force. We therefore beg to refer to the 
original documents for the full discussion of the question, and proceed 
now to make our remaiks and lecominendations based upon the infor- 
mation » submitted, reserving our report on the Cana Nuddeo dam 
(piomised in our letter, No. 2916 of 12th July 1853), and on the retired 
embankment near it, on the subject of winch we have received fuither 
communications from the Superintending Engineer, for a separate letter, 
which will be submitted &t an early date. 

11. The Officiating Chief Engineer cannot concur in all the conclu- 
sions drawn in Capt. Dickens’s memorandum. He would in estimating the 
discharge of the river at Omptah have made some deduction on account 
of the tides which will 6e opposed to the floods 11 horns out of the 24, 
and though during the 13 hours of ebb the discharge of water 
will be acceleiated, this will not prevent the check caused by the flood- 
tide from operating and causing a considerable rise in the flood level 
particulaily with a strong South wind. Colonel Garstm thinks therefore * 
tliat the inefficiency of the Darnoodah channel has been somewhat 
under-rated, and he would also notice the effect of the waves, 
raised by a South wind with the ebb tide, in injuring the embankments, 
as another difficulty in maintaimng them under such circumstances. 

12. On the other hand the Officiating Chief Engineer thinks that 
the volume of the floods, and consequently their depth and velocity in 
passing over the country has been estimated too high. At least from 
what he has seen in the Patna and Behar districts, where the rivers 
are not bunded, Colonel Gaistm is of opinion that the floods of the 
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rmbunJed river will be found very much less destructive than those 
caused by the bursting of bunds^ within wbich the stream has been 
confined, and raised above the level of the country upon which it 
suddenly pour# down. 

13. The whole tenor of the memorandum, the Officiating Chief 
Engineer thinks, shows correctly that the system of bunds m this part of 
the country was a bad and mischievous one, and should never have been 
adopted, liut the abolition of a vicious system which has been allowed 
to grow up .ind evtend itself as this lias done, is not so easy a matter , 
and many points must be consideicd and interests consulted before any 
change can be recoinmcndod It does not appear to the Officiating Chief 
Engineer that it wouhl injure the Railway if the bunds were abolished 
on both banks of the Oamoodah. 

14 The Officiating Chief Engineer would advert to an instance in 
wliK h the abolition of i ivcr bunds was cai i icd out without mjunous cftei ts 
In 1H21, the Bmral River burst its bunds between Nattore and Bcauleah, 
and Colonel Gaistm was sent to report on the subject lie roconfmended 
the abtindonment of the bunds, and that largo bleaches sliould be cut at 
filiort distances to allow the water to flow fieely over the country. This 
was done,* and tlie effects weic that the villagers, knowmg wheie and to 
wliat extent the next year’s inundations would reach, were prepared against 
them, and no complaints were made or remission of revenue asked for, as 
far as Colonel Garstin knows In 1841 Colonel Garstm had an oppor- 
tunity of examining the effect of the measure^ over a great extent of 
country, and found that laigc tiacts had been laiscd, and m some places 
niulheii j trees wci e gi owing wlieic formerly rice grew The extent of the 
inundations of the Biirral, the Officiating Chief Engineei thinks, was quite 
as gieat as that of the Damoodah, but the dejiosits contain less coaise 
sand than the floods of the Damoodah will probably carry over the 
country, being nearer to its souice At any rate, the instance affords a 
good means of judging of the probable effects of abandoning bunds on 
the Damoodah 

15 Taking the question as it now stands, the Officiating Chief 
Engineer considers it a choice of difficulties , but on mature consideration, 
he would recommend the abemdonment of the bunds on the right bank of 

* Sec Com^poniidiie on tlid**^llajshabyo and Jes&ore bunds, Government letter, 

iC7o. 392, dated 13tb March 1332 
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the Damoodah as the best measure that can be adopted^ there being 
no other attended with so few objections. 

16. The Officiatmg Chief Engineer therefore sohcits the orders of 
Government to direct the preparation of estimates proposed at the con- 
elusion of tlxG memorandum. 

17. With reference to Ins colleague’s remarks m the 22nd paragraph 
of this letter, the Officiating Chief Engineer caimot admit the correctness of 
the description of the Board’s proceedmgs in the mattei of the Cana Nuddee 
dam. The head of tlio nuddee was choked up by sand before the 
dam was constructed, the dam tlierefoic cannot be said to ha\e 

blocked up” the channel, but was plac ed to arrest the water, in case, 
in high floods, it should rise over tlie bar of sand Nor can the Officiating 
Chief Engineei agiee that the mcasiire was carried out, notwitlistanding 
the earnest solicitation of the inhabitants of the district” through wluch 
the Cana Nuddee passes , for although fourteen of them did petition against# 
the construction of the dam, one of the same parties and others had 
before, ill petitioning for the opening of a csinal, to cany the watcis 
of the Damoodali into the Hooghly, represented the danger they were 
exposed to by the floods which tlie dam was constiuctcd to ancst. The 
ciicuinstancob have been repoited to Goveinment iii oiii lettcib,Nos. 5449 
of 19th Septcmbei, 1851, and 2916 of 12th July, 1853, and m conclusion 
the Officiating Chief Engineer would lefci to the opinion expressed m his 
minute, cojiy of wluch was annexed to the forinei conimunu ation, tliat to 
cause the watcis of the Damoodah to enter the llooghly above Calcutta, 
would rum the navigation of the latter river. 

18. • Lieut -Col Mactier observes, that tlie question before the Boaid 
IS, how the country can best be piotectcd fiom tlie injuiious effects of 
the annually recui ling floods of the Damoodah Whethei by embank- 
ments alone tliroughout its entire coui'jC, as suggested by the Superin- 
tending Engineoi, South-Eastern Provinces, m his letter now submitted 
to Govei nmciit , by the abandonment of these works on the right bank 
of the river, leaving the waters to spread and do tlieir woist over tlie 
entire Distiicts lying between the Damoodah and the Dalkisoie , or by a 
combmed system of embankment and drainage. 

19. If embankments could be so constructed as not to be liable to 
erosion, the Superintending Engineer’s project might be feasiblei but 
knowmg as we do that the soil through which the couise of this rivcM 
passes is not of a quality to render this possible, Lieut-Coloncl 
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Mactier docs not think the Superintending Engineer’s plan can be recom- 
mended. 

20. With regard to the abandonment of the bunds on the right bank 
originally suggested for the consideration of the Board by Lieutenant 
Beadle, adopted by the majority (Colonels Cheape and Hawkins), and 
advocated by Major Baker, the Government Consulting Engineer, it 
appears to Licut-Colonel Mactier that, unless it can be shown that 
injury to property would not be the consequence, or that Government 
IS prepared to grant liberal compensation to parties whose property may 
be injured or destroyed by the measure, it cannot, with justice, be 
adopted. 

21. Lieut.-Oolonel Mactier would, therefore, instead of submerging 
400 square miles of country, as proposed by liis colleague, recommend 
that the bunds on both banks of the Damoodah be retired where the 
irdiannel contracts, and constructed of efficient section as suggested in the 

7th, 8th and 9tli jmras. of our Despatch, No. 5449 of 19th Sept, 1851 ; 
and witli the view to retain the water as much as possible, and to avoid 
expenditure in increasing their dimensions, that advantage be taken of 
the n.ituial outlets to lead off the surplus watei into the Hooghly and 
Roopnarain. 

22 The Cana Nuddee, one of these outlets, notwithstanding the 
earnest solicitation of the inhabitants of the distiict through which it 
passes, was blocked up duiing the dry season of 1852, by order of 
tlie majoiity of the Boaid,* so that not a drop of the surplus water 
j).i^scs that way Whether the Boaid had any right to obstruct this 
jiassage, Lieut -Col Mactier knows not, but, be this as it may, he .would 
sugge^'st to Goveiiiincnt that the dam be removed, and tlie escape of 
the surplus watei encouraged by the excavation of the cliannel, as 
piavcdf for by tlie people, and lecommended} by Major Kennedy, 
the late Consulting Engineer, and by the Stipendiary§ Membci of the 
Militaiy Board 

23 With icference to the rough e&timatc of the cost of construe t- 
ii\(r a cliannel fiom tlie Dainoodali to the Roopnaiain, contained m 
Capt. Dickens’s memorandum accompanying this letter, Lieut -Colonel 

* V de Military Board’s letter to Government^ No 2916, of 12th July, 1853 

f Vide Government of Bengal’s, No 898, of 16tli Moicmber, 1848, to Militaiy Board. 

{ Vide Gt>\ernmciit of Bengal’s, No 552, ot 6th Mu}, 1851, to Military Board 

^ Vide Colonel Mui tier’s Minute submittiHl to GuuTiimcnt of Bengal witix Mibtiry 
Board’s letter, N> 5950, of ITlh Ottober, 1851 
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Mactier would observe that he does not consider it necessaxy that 
the whole water-way should be excavated. With the fall allowed by 
the ground^ he is of opinion that a deep and narrow channel^ not more 
than onc-tenth of the Width of that estimated for, would sufSce, as the 
action of the water would soon enlarge it to a sufficient degree. 

24. Lieutenant Colonel Mactier would also advert to the probability 
of some shorter and less expensive line for the new channel being 
found higher up the Damoodali, where, though the land is generally 
high, there are intervening valleys and water-courses, by taking advan- 
tage of which a better line may be found. Lieutenant De Bourbel was 
ordered to examine the country last year, but the lateness of the season 
and the impracticable jungle prevented his completing survey. 

25. This question, with others of equal importance, Lieut -Colonel 
Mactier observes, may be taken up and reported upon by the Superinten- 


Board’s letter No 2821 of 8th August, 1850 
Ditto No 1692 of 11th June, 1853 
Ihtto No 2916 of 12th July, 1853, para 30th 
Ditto No 3401 of 20th Ju1y« 1853, para 11th 
Ditto No 7655 of 29th October, 1 853, paras 65 and 66 
Ditto No 10029 of 19th December, 1853, last para 


dent of Embankments, whose 
appointment has been recom- 
mended in our several letters 
as per margin, and who will 
be able to carry out whatever 


sj stem may be determined on. 


We have the lionor to be. 
Honorable Sir, 

Your most obedient Servants, 


E. GARSTIN, ColoneL 
W MACTIER, Lieut-Col 


c 
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No. 4005. 

Feou Lieut.-Col. H. GOODWYN, 

Supermtending Engineer, South-Eastern Premnees, 

To Lieutenant J. P. BEADLE, 

Officiating Secretary, hRUtary Board 

Camp Lichinpore, Right Bank Damooda, lO^A Felruary 1853 


Sir, 


I HAVE the honor to snhmit the following Report on the 
River Damooda, embracing eveiy subject connected with its embankments, 

bed, banks, drainage, and in- 

No 7637, 27th November 1852, and also to 
No 4315, of 17th August 1852, and accoxnpam- 
monts, and 

No 7557 of 24th November 1852, 

margin) which subjects I 

have divided under three heads. 

Is/. The actual state of the embankments themselves, nature of 
repairs, construction and present sections 

2nd. Their alineraent, protection by means of sloping of river bank, 
khall dams, sluices and drainage. 

Zrd. Retention, with reference to Major Baker’s Report received with 
your No. 4315 of 17th August 1852, and your No 7557 of 24th Novem- 
ber last 

There are many local minor details connected with the 1st Division, 
observed during the course of inspection, and may be supposed to rest 
between the Supermtending Engineer and the Executive which would 
unnecessarily swell the report without affording information to the Board. 
Tliey have been noted by the Superintendmg Engmeer for reference on 
receipt of specifications or bills 

Burdwan Division, left bank. — 2. The embankments on left 
bank, commencing from about 4 miles to the westward of Gogaon 


undations, (having reference 
to your several letters as per 
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to Ragobpor«, are contindoua, with exception of two intorrals at the 
villages of Naldunga and Soodwar, which being on high spots at 
some distance from the nver bank have not yet been touched by floods. 
This line has been entirely remodelled dunng last season, by being raised, 
slopes correspondmgly carried out, smnosities corrected, and in &ct almost 
renewed, presentmg a umform and substantial appearance, the work hav- 
ing been carefully executed. Sections Nos. 1 to 4 on accompanymg sheet, 
show their form and the flood height of last year, the highest for many years. 

3. The bay at Kagobpore has already been rejiorted on in my No. 
3063 of 7th December last. Section No. 7 shows the nature of the em- 
bankments in the bay, and No 8 immediately opposite the dangerous 
bend'in the " Banka” Nuddee, botli are substantial, and being in a very 
exposed position have been mcreascd considerably in strength. Tlie 
bank of the nver too has been well sloped off for the entire length of 
the bay. The strengthening of the embankments was completed before 
the rains, and as much of the river bank as could bo sloped oli‘ dming the 
rams, was so, the rest has been done since. 

4. At Joojootee and from Bclcoss to Beharpore new lines have been 
constructed previous to the last rains. No 5 Section showing the former, 
and No 6 the latter, they aro excellent lines, apd will most hkely not 
leqmrc other tlian petty repairs for several years; there are three places 
where the inner slope borders on shallow tanks and the heel of the em- 
bankment requires to be protected by bamboo stakes and fascines, carry- 
ing the slope out a little further. Tlus 1 have ordered to be done at once. 

5. It was at Edilporc and Catgolah where several breaches had been 
made by the villagers durmg the rams, and reported on •in my No. 1113 
of 13th July 1852, these have all been strongly filled in, and the village 
of Catgolah icmovcd entirely to witlun the embanked Ime. Sections 
Nos. 9, 10, 11 show an almost renewed hno &om Edilpore to Noutungaon 
or Sudder Gh&t, in excellent order and Depleted dunng last season before 
the rams. Eastward of this spot the good work of straightemng and 
strengthening is now m progress, (18th December 1852,) and where the 
direction of the present hne does not require to be corrected, the Section 
IS being mcreased on the inner slope only, the outer one being in good 
order, and thus returning it firm on that side, at tho same time avoidmg 
the returfing of both slopes. Sections from Nos. 12 to 19 show the 
present state of the lines from Noutungaon to Hatsimul and that which it 
lb intended they shall assume when completed. 
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6. From Catgolah, East of No. 19 to Humeerpoor, ig a douUe row of 
large trees^ the outer on the edge of the nver bank ; as the line of embanker 
xnents is not very far from the river and the bank is corrodmg, it would 
prove a great preservative if these trees were cut | through and allowed 
to fall over the nver, stdl being retained to the bank by their roots, they 
must almost all inevitably be washed into the river this next rams, and 
1 see no reason why they should not contnbute to prevent the erosiou of 
the bank, rather than be lost altogether. Between Oatgolah and 
Chotepore tlie soil is loose and light, it is therefore necessary to make 
up by an increase of Section for want of density in the material, or a 
breach will be easily efiected. At Hatsimul and a village beyond Chote- 
pore eastward, the huts are close to the heel of the embankment, and the 
villagers have been in the habit of taking earth from the berm for the 
repair of their houses, a practice which, m addition to the various other 
evils, under which the Embankment Department labours, calls for 
remedial Kegiilations. Sections Nos 20, 21, 22. 

7. At Debdah is a scene of desolation caused by a breach and inun- 
dation so far back as 21 years ago, from which the country has not yet 
recovered, sand and rank grass being all that is visible for three miles 
The embankment here is, as shown at Section No 23, being strengthened 
to the corresponding one in the same line, and continuing to Futtehpore. 

8. From Futtehpore to Palerah the line (Sections 24, 25, 26,) is m 
good condition, but not sufficiently high, having only been 15” below 
the flood of last year It is being raised to the corresponding Sections 
to tlie above numbers , the embankment at Palnah is of such excellent 
soil that a slop# of 2 to 1 is quite sufficient Its extent is rather more 
thmi a mile, curves taken out and remodelled like the former ones. 
At eastern end of Palnah old line, is a new one m course of 
construction No. 27, the inner slope not requiring to be carried 
out to full extent ; it meets |j|}ie present line close to the western 
end of the great Solalporo new line, between which and the new 
Palnah one is a portion, Section (No 28 ) being strengthened and raised 
w'ell beyond the flood le^ el which it was not before. The cultivation 
here, as also at Futtehpore and between the two places, has been brought 
up to flic very toe of tlie outer slope, for which fliere is no present remedy. 
This Js a spot where the bank of the river may be sloped off with 
advantage, as the preservation of the embankment will be greatly 
enhanced thereby, and the soil is yielding. 
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9. For a mile north of Solalpore commences a new Ime extending to 
the Ganna Nuddee in rear of Selimabad, and entirely constructed before 
the rains last year. It is an exceedmgly line embankment, as regards 
its crest and slopes, but judgment has not been displayed m its directkm^ 
for;^»though the shortest distance is a straight Ime between two points, and 
thereby the least amount of work has been obtained, yet there are oth^ 
considerations which should be taken into account, and which render it 
advisable that embankments should follow, at moderate distance, and 
gentle curves, tlie course of the river. This hne opposite the village 
of Dadpore, where the curve on the left bank is receding, is If miles from 
the bank, consequently much land is left unprotected, the embankment 
does not serve one of its most useful purposes, which m connection with 
the lines, on the nght bank it ought to, viz , restrain the floods within 
such limits as shall force them to scour the bed of the river , moreover, 
the course of the reach south of Dadpore is thus at right angles with the 
embankment, a position which should never be permitted I am sorry to 
find that these pnnciples have had no weight in more than one instance, 
and it IS much to be regretted, for a slight increase in the length would 
have secured a comparatively permanent protection. 

Had the dam of the Ganna Nuddee been contemplated, at the same 
tune that this line North of it was laid out, the necessity of establishing 
that work^earer the mouth would have forced itself to the notice of all 
concerned, but having been hitherto left open, the idea of shutting it up 
did not, it appears, occur till the Board oidored it so late m the season as 
May last, when it was placed m contmuation of the Selimabad line. The 
dam, though at that time necessarily m haste, has been exceedmgly well- 
built, it is 30 feet wide at the crest, and the slopes are well earned out, 
the outer one being protected by bamboo pilmg. No small credit is due 
to the Executive Engineer and his Overseer, Sergeant McGumness, for 
then exertions on this work, which, to^ have made it what it is, in the 
short time allotted to its construction, must have been great' There is 
now a space of ground several beegahs m extent between the dam and 
nver over which a deposit of fertile soil has been laid last season. This 
piece 18 now cultivated, but as it has become so by reason of the dam 
I submit the question of property for decision. 

• 10. Accompanying this report is an accurate sketch of thq^ village 
of Jamalpore and the several liouses, enclosures and tanks which exist 
between the Ganna Nuddee and Gulnah. This I had very accurately 
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Borvejed bj Mr. Nield whilst on my inspection, in eonsequeoee of urgent 
entreaties on the part of the inhabitants that I would carry the embank- 
ment through the village, and they traced out a Ime for it which I have 
dotted. 1 went over the hue with the people, and found &at there 
were obstacles too serious to warrant an elq[>enditure of money on the line. 
There is a dense plantation and some enclosures bdongmg to a temple 
dose to the dam, there is also a dangerous hollow, branching from the 
right bank of Canna, which would he at foot of the embankment, m 
addition to which the obstacles in the village itself are too numerous and 
serious to render the Ime practicable. The old embankment m front of 
the village is on the river bank and threatened, the bank itself bemg 
broken, and there being not space enough to slope it off. From the pre- 
vious paragraph it may be observed that 1 am averse to a Ime so retired as 
the one (m yellow) projected at this spot, and it was partly for this reason, 
which talked with the wishes of the zemindars that made me so minutely 
examine the spot in hopes of findmg the means of approaching the em- 
bankment to the river, but found none. The correct principle for observ- 
ance m laymg out embankments is to afford as much protection to the 
country in general as a scientific arrangement will permit, and it must 
of couise happen m some instances that a few suffei for the greater benefit 
ol the many and this is one. The inner Imc is necessary as the only one 
which can be taken for tlie protection of the country behind it, and the 
point IS a cntical one, for from the expansion of the waters, the bed is on 
a high \evcl, the floods are therefore high, and last season breached the 
line below the brick-biult bazar , otlicr breaches were also formed, but 
1 am almost sure tliey were cut If tho villagers arc anxious to do all 
they can to protect themselves, there is a measure open to them indivi- 
dually which I should not have felt justified m proposmg as a permanent 
public arrangement It is to give up part of the vdlage on the banks 
and run a line at 1,000 feet from tlie present one, 'and contmuing it up 
the bank of the Canna. The first part of the work might answer if they 
would give up the ground, but a glance at the sketch will show that Ibe 
line along the Canna, would not only be expensive but weak, as its direc- 
tion IB at right angles to the torrent, and it would also be exposed to a 
destructive back water, on the reflux from tiie dam ; besides, it would 
necessiq;ily be seated on that hollow which has before been mentioned, so 
that its base ould be precarious. I see no other course under the circum- 
stances that coidd as a permanent pubhc measure have been adopted, and 
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I will here state a finu convictum, that these lines, as well as the dam are 
quite strong enough to resist the floods of the Damoodah, te^ed as they 
have been by the actual weight of the matentd as opposed to that of flood* 
dnren water. The water may be taken as weighing 65lbs. per cubic 
foot and the fierce exercised by a gale of wind is computed at 351bs. per 
foot, which may also be said to be the maximum of a flood when swcdl^ 
Thns lOOlbs. is the pressure on every foot of the embankment slope 
exerted at an angle of 45°, and as the rear slope of the Section of the 
embankment is more extended than 45°, the area of Section of the 
embankment somewhat exceeds that of the water pressing agamst it. 
The weight of the materials of which these embankments are made is 
fully 148lbs. per cubic foot consolidated, so that there is considerably 
more weight in the resisting mass, the Section being greater than m the 
pressing water, and this pressure can only last during a flood or storm. 
There is in fact an area of 360 feet of water at lOOlbs. = 36,000lbs. 

to be resistedbyaSectionof SSOfeetofmaterialat 148lbs. = l,22,840lbs. 
nearly four times the quantity. 
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I have gone into this detail to show that, having height sufficient^ tliese 
embankments will not naturally give way under flood pressure, and as 
I have seen them under construction, I can vouch for their solidity. 
Should therefore breaches occur, as they did last year, and one serious one 
m even the Selimabad line, there can be little doubt but their origin will be 
m the acts of the villagers or zemmdars ; and situated as these two 
villages of Selimabad and Jumalpore are, with others of smaller note, it 
becomes almost necessary as a precautionary measure by every means 
to guard agamst the loss of money on the part of Government and hfe 
and property on the part of the inhabitants withm the embankjpa^ts : 
those means I have so often referred to that I will not recapitulate them 
here, as they may be m force before this report is submitted. 
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11. Between Gnlnah and Debdara a new inner line has been con* 
stmcted as per Sections Nos. 29 to 33, and No. 34 is a portion of the old 
Ime against which the new one abuts, and which has been strengthened 
to assimilate with it, though it would have been better to have contmued 
the new line round the village (as dotted) following a parallel course 
with the river, for the point of junction now has the direct action of the 
reach of the nver against it at 80 feet from nver, which was breached 
last year to the extent of 140 yards. It will be observed that from tins 
point another new line takes off extending South of Bistoporc, so that it 
is necessary to make this point at Debdara as strong as possible this year 
and provide for an inner hne as (dotted) next. Fascines must be em- 
ployed in renewmg the outer face of the Section, and a report on it must 
be made directly after the rains 

From Debdara southward to below Bistopore is a new line which, with 
the one last stated, was completed before the rams of 1852, the Sections 
Nos 35 to 37 show the construction. There are no less than four 
breaches on«this line, the lower one of which is a very serious one. The 
river has cut into its bank, and*a nullah 13 feet deep now runs through 
tlie embankment which however shallows to 5 at 800 feet in land. The 
water poured with great violence through this opening and reached the 
level of the floor of the bungalow .at Serampore, 14 miles below it. 
There are two causes to which these breaches are attributable, one is that 
the earth-work was not completed till the month of June after ram had 
fallen, and was not enough cons5hdated before it had to bear the brunt 
of the stream, with turfing the roots of which had not struck, and with 
the old line in nuns. The second cause is the imperfect almement before 
lemarked on, the course of the stream bearing direct on to the points 
breached. The smaller breaches can be well filled in and made strong, 
but a new line must be formed round the lower and most formidable one, 
better adapted to the curve of the river and crossing the newly-formed 
nullah at a point where its depth is triflmg. It will be necessary to 
ifam up this nullah for some distance in front of new Section forming a 
berm, which must be protected by stakes. The bank of the river may 
here also be improved by cuttmg off its high edge, the earth from which 
will go mto the nullah. Sections 38 to 46 show the breached line. 

12. A small pmrtion of the old Ime mtervenes lietween the great 
breach above and a new Ime taking off from Mohunpore, which portion 
has been broupdit up to Section Na 40. Hence is a new hne to Banga- 
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mara^ to ^jhich there is the objection of its being too retired, leaving much 
land exposed, but in this mstance it is not affected by the direct action of 
any reach of the river, and yet it has been breached in three different 
places, as marked. This portion was constructed dunng the first month 
of the rainy season, and hence its weakness, and its not havmg been 
brought up to its proper height for the crest is two feet lower than it 
should be as shown by flood-marks, owmg to the haste with which it was 
constructed. These two lines mentioned in this and the last para, will 
prove widi reference to the Military Board’s letter. No 7309, of 9th 
November, and the 3rd para of No. 7637, of 27th idem, however willing I 
am to view the system as they direct, still, that works constructed duimg 
the rams do not afford protection to the country, and that in every 
instance m the Burdwan Division these lines have proved the most 
efficient that were completed before the lains where time and attention 
could be bestowed, and I with deference submit that it would be better 
to confine tlic work to strengthening even old lines than run the risk 
of new ones being imperfectly and weakly constructed, as these have 
been This Ime must Tbe raised 2^ feet ai|^ the outer slope carried well 
out, for the stream fiom the breach above Mohunporo flowed down in 
front of the slope of this, and has formed a continuous channel, and which 
m prosecution of the work on the embankment itself I have directed to 
be cross dammed at every 100 yauls. Sections Nos 41 to 45 wcie taken 
at intervals along this line. 

13. At Bangamara the country m rear of the embankments is now 
causing the old line, against which the new one mentioned in last para, 
abuts, to assume a Section, No 46, tlie inner lieight of which is 18 feet, 
but the Section decreases again at Jeyrah This portion however is at 
present weak in comparison , it requires the crest to be extended to a 
width of 5 feet and the outer slope to a proportion of 4 to 1, leaving the 
inner slope as it is, for the soil is good, and its present base sufficient, 
and has been m existence upwards of 20 years (uiffe para. 10). Cultivation 
IS here up to toe of outer slope. 

14. From below Jeyrah to Mohunbattee is a new line constructed 
last sdRson, a good and judicious one, but the excavations have been made 
continuous. I have directed the outer line to be dammed up as before 
at mtervals, and the flood water may then safely be admitted to silt up 
the hollows. The lower end of this hne joins the termination of the old 
zigzag bank which ends here entirely, the giound bemg high. It is not 

D 
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so high however, as to warrant this gap when all else is cared and as 
a level lately taken has proved, the ground is covered with hollows 
through which floods have made their way. A line of small Section 
would answer, connecting the levels of what the crests of the hnes North 
and South of this gap will be when complete. 

15. From North of Cool Tigree to Chuckissab there is nothing but an 
insigmficant and incflicient h’ne, which, for no reason that 1 can discover, 
has been allowed to fall mto ruin. The course meanders about through 
broken ground, and they are so utterly useless and from their position 
irreparable that an entire new line is necessary ; from below the last named 
village the hne somewhat impiores, but the Section is bad, the level of the 
crest difters at every hundred feet, the slopes are much broken, and the 
line 13 tortuous, occasionally approaching dangerously near the nver. In 
continuation of the line from Nussipore therefore a continuous new 
alinement must be formed, as per dotted Ime tcrmmating at Nuskerpore. 

16. Between Nuskerpore and Champadanga is an old Ime of small 
Section (No 47) which has not been repaired for four years, its crest is but 
three feet, and slopes weak, ittf s now being straigfitcned and streagthened 
to the corresponding Section m same Ime. It is not very far from the 
river, m some places 150 feet, but the bank has bemi well sloped oflj and 
I am sangume as to the prevention of further cutting, for here, as also 
at Pospore lower down, a salient portion of the bank that the nver was 
eating mto was sloped off as far as was practicable in the interval 
between two floods, and the effect has been that of effectually stopping 
further dilapidation of the bank. This year the slopes will be turfed. 

17. From below Champadanga to Comarchuck a new line was con- 
structed before last rams, but it has been carried through low ground and, 
from the absence of a flood register, the crest is yet two feet lower than the 
level of last season proved that it ought to be, it has not been injured 
save the spoilmg of 5,000 superficial feet of turfing, and it owes its safety 
probably to its distance fiom tlie nver and the many intervcnmg enclo- 
sures between it and the old broken Ime. Yet it would have been more 
generally serviceable if it had been half a nule nearer, and included 
withm preservative limits more land. Its present Section is (Nos. 4^^ 50) 
to be raised two feet, and m the lowest grounds even three feet, an endea- 
vour also must be made to dram the marsh in which a portion of it 
stands, as there must exist an attractive commmucation betwemi the 
water cm both sides, rmidenng its stool any thmg but firm. 
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18. At Gomarchuck but a small portion of old line remains which 
will be brought up to Section No. 51 as far as Morolb from whence 
little more than a mile of new Ime is now m course of construction (Section 
No. 62), the old one being very much dilapidated and very tortuous. The 
work IS commenced and the Overseer and coolies gradually getting mto 
the way of the new system of consolidation by formation of the Section in 
regular layers and treading each well down as the work proceeds. 

The old line to Bodoorchuck is m very good order requirmg no akerar 
tion. 

19. A line commences at this point which was completed last year 
and is similar in nature and direction to that now being formed and 
noted m last para.^ but owing to the level of the flood not having been 
noted before, or that of last year havmg been unusually high, this 
portion requires to be raised two feet^ Section No. 52. At the conclusion 
of this 1st part will be given an account of a guage and remedy I have 
instituted for this irregular practice of working m the dark, for a luie 
constructed one year should m every respect be as perfect as circum- 
stances will admit of, and sufficient height especially attended to, for the 
slight additions made to a tolerably good Section do not so well incor- 
porate with the old work as to be so strong as if the whole had been 
correct at first. Besides there is do|jd>lG turflng. 

20. At Bindcrman Chuck and Roimpore the banks of the nver are 
partly sloped and may with considerable advantage be continued to a 
further extent, as it will certainly tend to their preservation and conse- 
quently that of the embankment above ; an ugly re-entering angle is 
being corrected at the latter village, and the whole line from Huriarpore 
to the Camarea Khal has within the last two years been remodelled by 
taking out the curves, and strengtliemng the Sections as sho\^ni Nos 
53 to 55, the principal part, or that from below smte havmg been done 
before last rains. The bank of the river below Pospore has been sloped 
off (mde Remarks in para. 16) with very good effect 

21. The embankment has an abrupt termmation quarter mile north 
of the Camarea Khal, which is merely an outlet from the Damoodah 
falling mto the Mundorea at the distance of two miles to the eastward, 
it thus withdraws mjunously a portion of the flood waters of the Damoo- 
dah which here, as at the Canna has consequently become the repositoiy of 
Slit from the effects of diminished velocity. The same necessity that 
existed for damming the Canna is evident in the case of the Camarea, 
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and I have accordingly directed a dam to be constructed^ nor is a sluice 
here requisite^ for the course of the drainage is eastward and consequently 
earned off by the proximity of the Mtindorea. There will soon be a 
silting up of this khal and the embankments on the South of its course 
may be abandoned. The line'^must be continued over the present 
above-mentioned interval northward along the left bank of the Damoodah 

22. The embankments below this pomt assume quite a different 
aspeat and the same amount of importance does not seem to have been 
allowed to them, or an equal amount of care bestowed on them as on the 
lines North of the Camarea, though the cause I know not unless it be 
from a reason which will be presently given. Below Govmchuck is a 
jheel on both sides of the embankment and percolation by attraction has 
taken place, so that the outer slope has subsided, both slopes must be 
carried out further and the toe and heel protected by stakes. Attempt 
must be made to drain this jheel into tfie river and iron pqie with valve 
run through the embankment to draw of the intenor water, which 
seriously affects the stability of the bank. 

23. From Niachuck to Cullunchuck is a line in rather a precarious 
position but which by close attention to the bank of the river I am 
sangmne of preserving, and if successful this season they may last many* 
Here also as at Pospoie a portion pf the bank into which the nver had 
eaten was preserved by sloping during the rains Nos. 56, 57, show the 
Sections here, they are to be strengthened, ^ the bank of the rrsrer is to 
be well sloped off and turfed and a berm formed from toe of outer 
slope of embankment to edge of rivei bank, filling all hollows There 
are three huts on the mner slope which must be purchased and the 
embankment kept free of such encumbrances. Below Cullunchuck the 
line IS further from the river bank, was staightened and repaired last 
year, (No. 58) but below this part, at Smgchuck, the position is similar 
to that at Niachuck (No 56) and similar means "will be undertaken for 
its preservation and improvement. 

24. Fiom Smgchuck to the junction of the Mundorea Khal the 
embankments may be said barely to exist, and a misapprehension appears 
to have been entertained regardingthe portion of the line from Bhojan to the 
Mundorea m consequence of a representation by Lieutenant Colonel Sage 
in the 51st and 52nd paras, of liis Report, No. 86^ of 7th May 1849, in 
which he recommended the re-abolition of the embankments from the 

point opposite Comarchuck on nght bank of Camarea along the same 
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" bank of Mnndorea to its junction with the Damoodah.” The idea enter- 
tained by both the Executive Engineer and Overseer is that the line of 
embankment on the Damoodah at this part was also abolished, and hence 
the rumous state in which they are. The " induction” drawn by Lieut-Col. 
Sage that the crops were ruined by tht water is incorrect, for the haroo 
dhan requires almost a jheel to be grown in, and I found the country 
flooded in all those parts where they were preparing for this crop. But 
there is no reason why villages, cattle and other property should be 
destroyed to produce this crop, since all the water they require can be 
obtained by sluices from the Damocfdah, and when no longer required 
for cultivation allowed to fall into the Mundorea by proper channels, 
which it would readily do, the Domoodah being on a higher level The 
embankments on the Damoodah requiic to be kept up most strictly , as 
not only the means of protecting the country from present inundation, 
but by forcing the floods to improve the river, prevent tlie woful effects 
of future years, should the bed from want of proper precaution, bo raised. 
Complamts have been several times made from the inhabitants of the 
island formed by the three streams against the effects of the Damoodah 
waters, and on very just grounds, I therefore deem it of great importance 
that this line from Singchuck to the Mundorea Khal be entirely remo- 
delled, for even the portion that exists is so mextricably woven amongst 
houses, trees, and tanks, as to defy correction or repair, with any chance 
of benefit It is moreover necessary that the Civil Authority visit the spot 
in company with the Executive Engineer for the purpose of making over 
at once the land required for the new line (which I have dotted in the 
map as showing its general course) for it would take half a season to 
survey and measure the parcels appertaining to different owners, and 
much valuable time will be lost 

25. Still further t6 improve the protection and obtain tlie fullest 
amount of benefit from a perfected line, that portion of embankment fiom 
Burra Moira on left bank of the Mundorea to the bungalow below Omptah 
should be straightened and remodelled as I have shown on the map. 

26. Omptah is the limit of the effects of the tides, and where the 
river quite changes its nature. For whereas above tlus point its bed 
is pure sand , from hence to the outfall at the Hooghly it is silt brought 
by the tidal waters which are impregnated with the alluvial soil through 
which the tributaries drain the valley. Above this point there is no 
drainage into the Damoodah owing to the high level of the tract through 
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which it ffows^ but below this, it receives through numerous muddy 
khals the drainage of the low lands contiguous to the Hooghly. 1 shall 
have more to say on this subject in Part III. of this Report 

27. From above Omptah to Doura the line was strengthened and 
repaired before the rams last yeir and is in excellent order, and between 
Doura and Rannapara the same operation is being earned on this year 
(Sections Nos. 59, 60). Below Rannapara a breach took place last rains 
at a sluice which was blown up owing to its faulty construction, the 
embankment has been greatly injured on both sides of it, and a channel 
formed to the river. This however can be strongly dammed and will 
silt up, and a new and better sluice provided. The hne requires 
strengthening and its sinuosities corrected as far as a mile below Oudaon 
(Nos. 61, 62> 

28. At Corda commences the dep6t of the Bengal Coal Company, 
which straggles along the bank of the river outside the embankment as 
far as Futtehpore. They have gardens and jungle and hedges close to 
the outer slope of the embankment which greatly interferes with the 
necessary duty of the Department in keeping strict watch over the state 
of the embankments, and 1 bring this prominently to notice that measures 
may be taken to have the embankments kept clear of obstacles and 
encumbrances. At Futtehpore there is quarter mile of bazar, through 
which the crest of the embankment runs, the shops occupying both slopes, 
and there are such seiioiis impediments to the formation of a new line 
within that, as the bank of the river is very high and solid, the arrange- 
ment must for the present be allowed to exist, (being safe) but the 
Establishment must carefully watch the spot to see that neither the river 
bank nor spaces between the shops arc weakened by the abstraction of 
soil, or the bazar must be abandoned. 

29. From Noupara to Musraka the st^ite of the embankments is just 
as I left them at the period of my last inspection (1847) witli the excep- 
tion of two spots of an aggregate length of 2,000 feet (Section No. 63). 
The alinement is tortuous, the crests vary in height, the slopes are 
rugged and -turfless, and the height is inefficient. The improvements 
demanded are, correction of the course as shown by the dotted line, the 
height to be mcreased two and half feet, the crest made five feet wide ; 
and as the clay is here very strong and tenacious the outer slope need 
not be more tlian 3 to 1 and the inner 2 to 1 well turfed (Sections Nos. 
64, 65). At Kalkapore is a small inlet which should be dammed near 
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the mouth, and a sluice set in it for drainage with a single opening of 
four or five feet* 

The Musraka Khal will be reported on in connection with the road 
from Midnapore to Oolobanah. 

Bubdwan Division Right Bank*‘>^30- I will here report on the 
right bank as far as they extend through the Burdwan Division, for there 
IS a hiatus from just above the Camarea Khal, and the embankments m 
the Midnapore Division, are of a nature peculiar to themselves, at least 
as far as I have yet observed on this river. The right bank Imes have 
not been attended to save m a few spots at the lower parts of the river’s 
course, as there seems to have been a demur regarding their retention, 
pendmg the solution of the question of how the inundating waters of the 
Damoodah are to be disposed of m the event of their abolition. In Part 
III. of this Report I hope to be able to bring forward such arguments in 
favor of their retention as shall, I earnestly hope, prove that the greatest 
advantages are to be reaped by keeping the floods^ to the duty which 
Nature has assigned to them, viz , of flowing m their prescribed channel. 

The right bank lines commence opposite to Gogaon, those on the 
Damoodah at that point and between that and Burdwan being at intervals 
only, as regards the Government charge, portions being m the hands of 
zemindars. 

Those on the " Buddye” Nullah alone have received any repairs for 
some years. 

As far down as Cholbolpore on the Damoodah, they are very inferior 
m Section as shown by (Nos. 96 to 99), have been breaclied in several 
places, badly lined out, and qmte inefficient 

31. A line of the very worst kmd (zemindaree) mtervenes between 
Cholbolpoie and Coinarpore below which to Kistopore is an indifferent 
low Section, mhen suddenljjjjt increases to that at (No. 100) varying m 
height from 12 to 14 feet (Nos. 101, 102,) but diminishing to No. 103 at 
Sikarpore. The floods have overtopped the lines of small Section noted 
above, rushed to a lower level foimed by excavations and jheels, and 
formed deep channels under the inner slopes of the larger Imes, under- 
mmmg them, so that even at Sadeepore where the Section is strongest 
it has been breached for distances varying from 50 to 1,500 feet. The 
villagers seem ta^have obtamed possession of these embankments, they 
cut the turf, picket their cattle on the slopes and at Seekistopore were 
actually making bricks at the foot of the outer slopes. 
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32. From Sikarpore to Jotechund the Sections are various as shown 
from Nos. 104 to 120, but worse in appearance and position than can be 
shown by Section or li^p. Tanks and jheels formed by breaches exist at the 
feet of both slopes, and visible percolation takmg place through the Sections. 

The difference m the appearance of the crops and country on this 
side where devastation has been caused by floods is great and maiked, 
and would doubtless have been more rumous but for the rapid fall of the 
country towards the West, which will be noticed hereafter. 

33. At Jotechund is a zemmdaree line in ruins, and below that point 
the neglected Sections of the Government lines pursue a course composed 
of every variety of curve, so ciooked tliat they are double the extent 
they need be if properly laid out, rugged and breached in several places. 
Between Sialee and Bangamara I observed a better line in better order, 
perhaps preserved by the river bank which is here very high. 

34. At Poorsoora some repairs were in progress improving the aline- 
ment and strengthening, but I stopped the work, pending a reply to iny 
No. 3243 of 22nd December last, para 7. For new lines, and even 
improvements to old ones can only be properly regulated in connexion 
with a complete protective bank, the height of which will best be ascer- 
tained by levels now being taken from left bank to light, should those on 
the light be I'etained 

35. Below Hailanchuck there arc some better lines and less crooked 
in their trace than those above, they are weak though and in many# 
places require complete renewal, particularly in tlie neighbourhood of 
Booisoot and Kuttulporc, but for the reason in last para, their repairs 
must be held m abeyance. 

36. At Goldh Coorchee is the offset of the Damoodah Khal from which 
branches almost immediately the Gojah Khal, thus abstracting a large 
quantity of flood water from their legitim^ duty. If th& embankment 
on the right bank are retained, this outlet must necessarily be dammed 
strongly. The effects of its existence are visible on the map. The 
breadth of the Damoodah is much encreased, the power of lU current 
much weakened, and sand is deposited. This will be scoured and im- 
proved when the protection is equal on both banks, and then only. 

37. Beyond is a stiagglmg, irregular inefficient Ime for about two 
miles lower, and a small embankment on left bank of Damoodah Khal 
rather longer than the form but m bad condition. There do not exist 
any further lines m the Burdwan charge on this bank. 
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Midnafobg Division^ bight bank. — 38. I will continue the right 
bank Report to tlie Hooghly, and th&n return to the left bank from 
Muaraka to the same out>fall. 

At Gopalpore, North of the Oolobariah road, is a new Ime constructed 
last year, but requiius raising from five and half to seven feet, its present 
Section being No. 121. Two other new portions are moreover required 
now at Ragpore 300 feet m length each, beyond which at Chandpoie the 
Section IS as shown at Nos. (122, 123) in bad repair and in maiiy places 
withm 20 feet of the river, this requires protection by a retired line. 

39. South of Musraka, is the Gomarkhalec Khal 20 feet wide and but 
eight feet deep. These khals, their dams and sluices will be particularly 
noticed m Part II., I will here only allude to their actual state The 
dams should be as near the moutli as they can safely be put, and sluices 
constructed for the necessaiy drainage, thus abohshmg the tributary 
lines of embankments. The Government lines exist to the Tetoah Khal 
with the exception of 1,500 feet of zemindaree. Between the above klial 
(which IS 80 feet wide and 12 feet deep) to Gu/eiat is a Goveinmont 
line, the northern extremity of which shows Section (No 124) 92 feet 
from the river, said to have been repaired last year, but the Section 
which the darogah showed as that ordered is five feet high and bases of 
15 and 10, so he has not done full work. There are vaiiations eveiy 
300 yards m the level of the crest, and they are much cracked, showing 
Sbseness of construction Half a mile South of the last is No 125 showing 
more attention to the inner than the outer slope, the darogah’s Section 
bemg as above stated. At another half mile South is No 127 repau’ed last 
year and neither settlement nor curtaihnent naturally could have produced 
this difference between what is, and what was intended, the latter bemg 
No. 126. It IS much to be regretted that such practice exists, for the 
flood level shows these so repaired Sections to be not only deficient m 
height now, but they would not have been strong enough had they been 
as ordered (No 126), and it is consequently necessary that they be again 
strengthened and corrected, though such driblets of additions do not suffi- 
ciently incorporate with former work, and the Section is not nearly 
so strong as it would have been if properly made in the first mstance 
40. Between the Tetoah and Seetapore Khals is a Ime which has 
received repairs m patches. No. 128 showmg the repaired portion on 
No. 129 the intervals, which are said by the darogah to have been 
left undone as the rams came on , and he states that no estunated wtrk 

K 
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was (lone daring the raina^ yet what folly it was to commence what 
either could not, or from otlier causes was not completed, for as one 
weak point renders inefBcient a whole line, this money has been thrown 
away for the repairs (?) have not been contmuous and the ftdl Section not 
given, the lower portions being steep at an angle of 45® giving the 
whole a rounded form. The slopes are very rough, and the turfing 
miserable. The intervals unrepaired exhibit an aspect but a degree 
better tlmn the ruinous zcmindaree lines, and are so tortuous as to 
form acute returns, approaching the river sometimes as near as 20 feet, 
and covered with jungle 

41. The " Seetapore” or " Nouda’^ Khal is 110 feet wide and 14 feet 
deep, the embankments on both sides of which arc very bad 

42. South of tlus khal the Government line continues , repaired as 
per No. 130 which Section continues for 120 yards, when No 1.3J 
appears, in close proximity, concave crest, rugged, and luinous, eclipsed 
only by the adjoining zemmdaree line No. 132, such a state of aftaiis 
utterly nullifying any benefit intended to be derived from repairs execut- 
jed, and money spent, even No. 130 is not what it ought to be supposmg 
it to be supported on both sides, and the tuifing is very bad indeed. 

43. This zemmdaree line continues to Googoobaroa quite ruinous 
At Googoobaiea it is on the river bank foi | mile Noith of the 
Gurclmmuck Khal, the Government line is also close to the iivor varying 
from 45 to even 13 feet distant, scarcely more than 3' 10" high a A 
requires entire renewal. The Gurclmmuck Khal is 70 feet wide and 12 
feet deep, the embankments on which arc inefficient m height, the flood line 
showing itself at 1' 10" from the crest, and tliere is much jungle on 
them. 

44. Between the last khal and the Dusserstey there are 1,000 feet 
of a zemmdaree intervening between two^ Government lines, the former 
showing Section No. 133 with the flood line over the crest, and the 
Government Ime not much better (No 134) covered with jungle. Many 
complaints were made here of the effects of breaches, but when the entiic 
line is unserviceable, it is in vain to particularise. The Dusserstey Khal 
is a small one, only 16 feet wide and feet deep. 

46. Two and quarter mdes South of the khal runs a Government line 
to Kistopore repaired last year, partly outside slope, Section No. 135 and 
partly on the inner slope No. 136, the former not sufficiently high, the soil 
IS good and theiefoie tlic inner slope is strong enough. 
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46. The Pathulghutta Kha), is 71 feet wide and 14 feet deep. Keally 
till tlie dams are eomplete, tempoiary bridges should be erected over 
these khalsy for at low water the mud is so tluck that bearers cannot 
get through it 1 have been detained two hours at this khal. The 
embankments on it are of the worst possible kind serrated throughout, 
and presenting an appearance of a series of nodules of earth, the largest 
being about 2' 9^ high. 

47. Between this last and Samporo Khal there exists about 600 feet 
of is^indaree embankment all the rest being Government, partly lepaircd 
last yeai as per Section No. 137 on one side only, and very badly too, 
the crest being only half entire, and much cracked. A portion like 
Section No 138 intervenes between two so repaired places, little better 
than a common field bank, with the flood-hne above it. 

48. Between Sampore and Alpm Khals, is a zemindaree line, almost 
contmuous breach. 

49. The Alpm Khal is 32 feet wide and 12 feet deep dammed but 
in a bad place The Overseers and darogahs know nothing about the 
proper method of constructing either dams or sluices even with the plans 
before them and it is useless to have money thrown away on works of 
inutility. Such impoitant works as these should be under the immediate 
supervision of the Officer or his executive assistant. 

50. The Rammessurpore Khal is 67 feet wide and 16 feet deep, 
between the Alpm Khal and which, the darogah Jias done infamous work' 
the Section intended and entered in his book is No. 139, but it is as shown 
in No. 140, it IS entirely unturfed yet m many places, and in othcis 
turfed only on one side, and the full Section has not been carried out 
Where the repairs terminate the Section as No. 141, rendeiing the 
lepau’ed part quite useless. A small natural water channel actually 
flows at foot of outer slope, which has been tlic cause of two breaches. 
The unrepaired part is very much cracked and trodden down by 
cattle. 

51. Hurrepotah Khal 52 feet wide and 12 feet deep, between winch 
and the last is Section No. 142 very inferior and much serrated, but it is 
impossible by ‘means of either Section or words to describe the state 
of the Ime South of this khal to the Hooghly. I can only state them as 
being qmte useless for any purposes to which an embankment was ever 
mtended to be apphed, rumous and irreparable, the trace bemg so very 
devious and irregular. 
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MidnapOHE Division, left bank. — 52 I will now resume the left 
bank in continuation, after para 29, which left tiie Burdwan Div^ion at 
Musraka. The nver here is contracted in its width, receives part of the 
drainage of the low tract of the Hooghly valley ; and its bed is dark 
alluvium now instead of pure sand as above. A marked difference occurs 
in the aspect of the embankments below Musraka, to those above, and 
utterly inefficient and totally neglected lines of zemindaree occur at mtervals 
between Government lines, over which there is supposed to be exercised 
proper control for their maintenance and repair. 

53 From Musraka southward there is a Government tortuous line 
tlie bunds in which are often 


at right angles to the course 
of the rivei and to that oi 
the adjacent line, so mucli 
so, indeed, that a new lino 
a b would involve less work 
than the repairs of the old 
one, and be more efficient 
The present Section is 
No. 66 to bo increased to 
No 67, which was taken 
from a portion of about 100 
feet executed, and whidi is 
the only spot on which any 
work was found in progress 
between Musraka and the 
Hooghly. They were not 
executing the work accord- 
ing to orders in layers, to be 
consolidated as the work 
proceeds, but throwing it 
loosely from top of old Sec- 
tion, whilst the temporary 
Sections erected differed in 



level as much as 1' 7" in 100 


yards. The old or present line is much breached, and though I could 
get no account of the nse of the flood from either Overseer or Darogah, 
both new men, (and the villager’s report is not to be trusted) the appear- 
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aiice of the crest and inner slope waiTants the supposition that the water 
has gpne over thenu Reeds and quantity of jungle on the embankments. 

The Kotalbunga Ehal is two miles from Musraka, 33 feet wide and 
eight^feet deep. 

54. Zemmdaree line Soutli of the khal of the worst description, 
crooked, inefficiently tew, covered 
with jungle, breached and entirely 
neglected, wle No. 68. Lines of ba- 
bool and other trees seem to have 
been selected as those by which to 
form the embankments as they are 
plentiful throughout on crest and \ 
slopes, the earth having been washed \ 
from their roots Huge hayiicks in 
20 places have been erected just 
within the embankments, the inner 
slope having been cut away for their convenience. No. 69 is talcen halt 
mile South of No. 68 on^tlus /emmdaiee line, which must be entirely 
remodelled and propeily lined out. Compaie No 67 Government 
line as it will be with No 68, 69 zeqjindaree, as it is likely to remain, and 
the fact of the iiece&bity foi taking the reformation into our own hands is 
apparent enough. If they do not commence their repairs at the time that 
we do and conform in level and Section to our lines which are contiguous, 
the whole w^ork should be executed by the Government Officer, and tJie 
Civil authority recover the expenditure, for if otherwise, then is Govern- 
ment money expended for no puipose of benefit 

55 Government line commences again at Jyrampore similar in 
appearance and trace to that at Musraka, repairs not commenced (27th 
Decembei) the Section is to be the same as No 67, at present it is as No. 
70, the inner slope being wider at base than outer. This Section extends 
60 yards, and adjoining it is No. 71, repaired last year, yet that the above- 
mentioned 60 yards should have been left untouched shows that either 
proper measurements were not taken by controllmg officer, or non-execution 
by the Darogah, who by the bye, has been discharged ; one weak spot 
renders a whole line inefficient, the neglect therefore is serious. A Section 
even as good as No. 71 only exists for 130 yards, then comes No. 72 
the repairs of which are said to have been given last year, but on the 
outer slope only, and 90 yards agam in advance the crest suddenly falls 
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14 inches. Witlun another 100 yards the JSection assumes the form of 
No 73 repaired last year, but with a crest two feet higher than No. 72, 
on the same level of stooL This Section is not so strong in the outci 
slope as it ought to be. 

56. The nver widens here, and there is an old Ime which, though 
the retired one has been built some years still is allowed to encumber 
the bank, it should be cut away, and tlie flood flowed to come m and 
silt up outer excavations A mile South of Jyrampore is the Dobunga 
Khal, with embankments on both sides a mile in length. It rises in a 
jheel, and should, be dammed with a sluice in it for drainage. The 
embankment on the khal can hardly be said to exist, certainly to no good 
purix)se. Immediately North of the khal, and adjoming the last Section, 
is a small retired line constructed last year as per No. 74, so that the crest 

15 two feet lower than it ought to be, and 1' 9" below the adjoining 
Section. Must be raised, and here is an example of bad constmction 
and arrangement Section No 75 shows what the intent was, but not 
earned out . it is loosely raised, and very badly turfed, the crest too is 
much crackefd. The proposed Section is not what it ought to be as 
regards the outer slope, and no hne made one year should requue 
extensive repairs for at least six, mu^ less in the following season. 

57 Zemvndaree hne commences South of the “ Dobunga” Khal and 
extends to Khurea Khal rather more than a mile, amidst jungle so thick 
that a man on foot cannot walk along its crest. It is breached and 
trodden down throughout. 

58 Government embankment then re-commence on South bank of the 
Khurea, which is 40 feet wide and 12 feet deep, embanked on both 
sides for the extent of the khal two miles. To the South of this spot 
IS only i mile of Government embankment as per Section No 76, which 
has apparently been neglected for a very long time, for it is dilapidated 
throughout, and quite mefficicnt, the (said to be) flood hne* is within a foot 
of the crest, but so ru^ed and weak is the crest, that no current having 
reached that point wonld have been resisted, it is a far greater probability 
that it has gone over and through the serrated crest. 

59. Zemindaree again for | of a mile vying with the last m the ragged- 
ness and wretchedness of its appearance. I said ^ mile was the extents 
but that 18 by the river, for tins line wanders about inland for 360 yards 
at right angles to the stream, till it meets the Dara” Khal, a small one 
1 2 feet wide. 
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60. Government Ime coinmenees again- at Mograjpore with Section 
No 77 which has been left in that state with repairs as per No. 78 
intervening. At Gudaipore J mile from Mograjpore is the Gudaikhalee 
Khal, 28 feet wide and eight feet deep, requiring dam and sluice, the 
present dam is m the wrong place and cut. The embankments on the khal 
are very indifferent and tortuous. Half nule South of khal repairs were 
made last year as per No. 79, but roughly executed and not properly turfed. 

61. Zemitndaree hne again mtervenes one mile South of Gudaipoie, 
of the same nature as those before mentioned, with such dense jungle 
as to prevent progress on foot, even breached m several places. They 
extend to Secalia Khal which is 60 feet wide and 14 feet deep , requiies 
a sluice with three openings, and a dam near the mouth, doing away with 
the khal embankments which arc miserable ones. 

62 Government Ime recommences at Secalia and extends to Boalia 
Khal, scarcely half a mile as per Section No. 80 , these are on the lattei 
khal which is 64 feet wide and feet deep Sluice with tlnee openings 
lequired as before. 

Zemindaree line hence continues to the Toltolah IChal in quite as bad 
a state as those last mentioned. Section No 81 is the best jiortion of them ^ 
the flood level being o\er the crest They have been bleached through- 
out and covered ith jungle. In many places they are mere little 
mounds two feet high scarcely obseivable as embankments and not woi thy 
the name Toltolah Khal, 70 feet wide, 11 feet deep, requires dam similai 
to the last, near the mouth and abolition of khal embankments. 

63. Government line from the Toltolah Khal was repaired last year 
m an mdiffeient mamier, and half a mile South is a new line constructed 
last year, but which has been joined to the old hue at so sharp an angle and 
111 so awkward a diiection, that it must be relaid out at both ends, and the 
Section, No 82, not sufficient on outer slope, nor lugh enough, must be 
strengthened again I have before remarked on the want of management, 
by which embankments require additions two years successively. At 
tlic end of this newly-made line, the old one stretches away into the 
country in an extraordinary way, for nearly a mile, and ends abruptly 
at right angles to the river ; there is then a gap, and the line recommem es 
with another wandering course, the whole being useless, and it is <i 
matter of much surpnse how the embankments could have been allowed 
to remain in this state so long, for there is no high giound or any othci 
reason why this gaji should have existed, nor why the hne has been 
permitted and r'^fuu ed ui tlus state. 
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64. A new and better hue ib projected for thib seabon as shown in 
red, two and a half miles South of Gwalapotah, Government line repaired 
last \(!ar ni patches as per Section No. 83. The turfing is very bad 
indeed, tlie crest is uneven and much cracked, the work must have been 
loosely and carelessly performed The unrepaired portions are 15 inches 
below those repaired, and sometimes more, presenting an appearance thus. — 




But the repaired parts of last year must be again strengthened, this to 
Section No. 84, proving the u ork of last season to have entailed loss of 
monc> and turf. 
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At Mirzapore and m several spots North and South of it^ the line is as 
per Na 85, which the Darogah states to have been repaired last year. 
Now considering the Section, the level of the flood line, and general 
appearance of the embankment, the neglect has been gross, and though 
the Darogah has been discharged, that will barely mend the evil, as the 
present one may do likewise. 1 shall offer some remarks on this matter 
in Part 11. The excavations of this Ime have been cut from the very 
toe of the slope. The khal at Mirzapore runs up past the Bungalow, on 
one side are Government embankments, and on the other, zemmdareo, 
which generally present an appearance as below 
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65, South of Mirzapore the Government line presents Section No 86, 
repan cd last year, and immediately adjoining is No. 87 left untouched. 
At Balchetty, north of the khal of that name, is an embankment 
repaired last year, presenting Section No. 88, the turfing of vhich is so 
very badly done that it has no hold on the soil , it was originally nothmg 
but a few loose clods most carelessly thrown on, without a particle of 
grass in them, and here also a new line is required, though tlie embank- 
ment in rear of which it is to be made was only repaired last year. The 
necessity for this must have been apparent last season, and consequently 
the money expended on the repairs has been wasted. Between Mirza- 
pore and Balchetty is moreover three quarters of a mile totally neglected, its 


Section is 



vaned by 



round 


holes and breaches, 



and in two places 


the flood level being 


the Section is 
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more tlian a foot over <3ie crest This mnst have been long neglected, 
and renders l3ie Embankment Department open to censnre, not only as 
negativing the value of the repairs given, but as a bad esample to the 
zemindars who are only too ready to point to it ; and this is rendered 
evident by the ihct that Sections Nos. 86 and 68 are on either side of the 
above inefiKcient lumps. The Balchetty Ehal is 34 feet wide and 12 feet 
deep. 

66. Zenandaree Ime South of the khal to Bowanipore two and*arhalf 
miles, in which distance an embankment can hardly be said to exist, so 
entirely neglected, disunited and ruinous is the whole. The Gajuncool 
Khal is in the above distance, 98 feet wide and 20 feet deep, and immediately 
South of Bowampore is the Bagran Khal 80 feet wide and 12 feet 
deep. 

67. Government embankments here exist on both sides of the khal, 
they are of imperfect Section No. 89, but those on the nver adjoining are 
worse far ; see Sectum No. 90 with a serrated concave crest, cattle 
trodden, turfless sides, and seem to have been, like those in para. 65, 
entirely neglected. Quarter mile beyond the lost Section is No. 91, an 
exceedmgly tortuous lino , there is a new line in contemplation here, but 
I wonder much at these lines having been allowed to be so long uncared 
for. One hundred yards beyond is a low line not larger than a 

held boundary and anon it disappears. 
After an interval we have No. 92, in 
which IS a rumous sliuce with wide 
breach on both sides, and a streamlet close along the foot. I could nof 
have imagmed a more wretched affair, split, breached, worn by cattle 
and covered with jungle. Here too exists anotlier strange matter, vzz., 
that a piece of embankment of Section No. 93 should adjoin No. 92, but 
only 150 feet in extent ! repaired lately, a mockery almost of the ruin on 
each side. The tur&ig of this piece is vciy bad mdeed. The native 
Darogahs and Overseers seem here to have been rejoicing in uncontrolled 
malpractices, and extraordmary irregularities. 1 said that the ruin 
existed on either side of No. 93. On its South end the neglected line is 
900 feet m length, when No. 94 appears, somewhat better in form, but 
in strong contrast, and only 630 feet long, half bare of turf, sides gullied 
and cracked ; the repairs of last year must have been most carelessly 
executed. A sluice is required at a breach, cut anauaUy cmd open nma 
(28th December) ! Adjoining No. 94 is Section No. 95, which with slight 
variations meets the zemindarec h‘ne which extends to the Hooghly. 
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68. Such are tJie embankments on the Damo8dah exactly as I have 
traced them in December 1852, on which 1 will o£Per a few rranarks in 


Fart IL 


Past II. 

1. In the Burdwan Division, I have alluded to (paras. 9, 12, 17,) 
the lines of new embankments having been carried too far mland ; the 
reasons agamst such practice where (as in the above cases) it might 
have been avoided, are, that it leaves much land and some villages 
unprotected. In the cdbe of the Salalpore and Selimabad Ime, it brings 
a reach of the river at right angles to its direction. Thej are beyond 
the position where they can benefit the rivmr bed but rather permit 
lateral expansion of the flood-water, injure the banks and promote sand 
deposit, and lastly &om the fall of the country, which is highest at the 
margm of the nver, the Section must be higher than it need otherwise 
have been if nearer. These I think are strong reasons against the 
practice where a choice of direction is open. 

2. In para. 10, 1 alluded to the great probability which exists of the 
embankments constructed last year and now constructing, bemg cut 
next rains, and gave the reasons for the supposition. There arc other 
places also which stand m a like predicament, mz., those in front of which 
villages yet remain, and who last year cut the strongest lines in the Division 
and m places the most remote from the nver, and where most improbable 
for a natural breach to occur. I would draw serious attention to. this 
matter that the Civil Authonties be directed without delay to negociate 
for the retirement of these villages withm protected limits. I would 
also draw attention to my No. 1725 of 26th August 1852, relative to 
the remodelling of tlic embankment establishment, that it be urged on 
the Government as the only means for protectmg their works from the 
wanton destruction which up to this date has taken place, and rendering 
the vast sums spent of any avail for the purposes for which it is given 
Moreover, 1 would agam pomt to the necessity of stnngent protective 
regulations for the embankments to provide agamst the followmg 
serious evils. 

Ist. Cutting or injurmg the embankments and dams. 

2nd. Cultivating withm the Imuts assigned to the embankments, tlieir 
berms and excavations. 
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3rd The trespass M cattle. 

4th. Erection of hot8> &c., on the embankment limits. 

5th. Interfering with the slmces without permission from Embankment 
OfBcer. 

6th. Neglect of zemindaree lines, if these hues are not taken under fhe 
care of the Government. 

1 may be considered importunate in thus often alluding to this subject, 
liavmg been told that it is before Government, but my reason is that 
these measures be carried out and the new establishment orgamsed 
before the season of danger and difficulty. The question relative to 
&e value of the embankments I feel to be one of the most important 
affecting the»mterests of these provinces, and I am certain that the 
greatest advantages will accrue from their retention. These advantages can 
only be gamed by their retention efficiently and by perfect protection, 
and willing as I am to take the responsibility of the assurancer of success, 
such assurance can only be genuine and surely based when the system 
and means that I advocate are afforded. 

3. It will be seen from para. 12 that work executed during the rams 
does not prosper. From the enfare report may be gathered that the greater 
part of the work was executed before the rams, and is the best. 

In the Midnapore Division no portion has been attempted durmg the 
rains, though here I admit an error has been committed, for though 
weakness has occurred in the Burdwan Division m Imes completed 
durmg the rams, there arc many parts of the Midnapore hnes which 
required all the energy, labor and attention tliat could have been given, 
for though permanently effective woik could, not be given, temporary 
protection might have been given m the rains till the proper season 
came for the peimanent work. Agam, there is no objection to new work 
being carried on during the rams which is not to be assailed by tlie 
floods of that season, and if executed behmd a Ime which for that season 
is secure (and which should be arranged for if possible) may be all the 
better m the following. 

4. I have no hesitation m pronouncmg European overseership by 
far the best, the professional mstructions are better understood and 
construction better attended to, for an mterest m the work can be imparted 
to tliem which cannot be instilled into the native ; and where there is a 
service of danger, such as attention to weak points during a flood, w 
entrapping a " cutting” party, the European is the man to depend upon. 
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5 The tnbutary streams and streamlets should m almost all cases be 
dammed, with slmces in the dtuns ; streams contmnous from one river to 
another used as canals of traffic may be miception^ The dams of these 
khals should be near the mouths m contmuation of river embankments, 
and the mner hues abolished as useless. Those that are not dammed should 
have wooden bndges over them for the facility of traffic and mspection. 

6. I feel sure that it is as necessary a portion of the work of preservation 
of the embankments by slopmg off the banks of the nver as the repairs 
to the embankments themselves (see ante paras. 16, 20, 23, m illustration). 
Many a retired hne will be saved by giving to the nver bank such a 
beach slope as shall cause the current to glide by rather than eat mto it. 
This has been particularly enjomed on executive Engmeers for the 
expenditure of hundreds in this case may save thousands. 

7. In giving mstructiions to Executive Engineers, I have observed the 
prmciple that one weak pomt nullifies the benefit otherwise derivable 
from a well, constructed Imc. I have found in many places, particularly 
in the Midnaporc Division, that an embankment raised one season has to 
receive an addition on the following, and that many lines have been over- 
topped by the floods that were considered safe. This is owmg to the absence 
of certain information regarding the rise of the floods The villagers, 
whose word is often the gmde, are sometimes interested one way or the 
other, and are so apathetic as to give statements wide of the truth, whilst 
the native establishment can be as httlo relied upon for data of such 
importance. In regulating the height of his works in the cold weather 
the Executive Engineer must frequently be in error as to the correct flood- 
mark, and the value of the embankments m the salt districts is not tested 
by their capability to resist the highest rise of even the fi-eshes, but a salt- 
flood driven violently up the rivers by a Southerly gale, raising the level 
of the water, if at a period of high tides, 3 or 4 feet above the other level 

A guage for notmg the height of the flood nse was circulated in 
September 1851, by the Mihtary Board, but as no reports of its having 
been used have appeared, I imagme it to have been difficult of apphcation, 
in ftict 1 have discovered serious impediments to its utihty. A position 
could not always be found for it, nor a tree or post to fasten it to, and 
the box would get clogged with fine silt. It would be unstable on 
ac-oonut of the looseness of sands in which it might be imbedded, and 
would require guys or struts for its .support and a telescope would bo 
necessary at a high flood, to read off the scale, for the distance would bo 
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often great The following is a simple arrangement by which 
an accurate renter can be kept of the exact rise and ftill of the 
water. The figure m the margin [below] shows <me portion, 
a plank seven inches wide, five feet dear out of the ground, 
divided off mto feet and thirds. These several guages are 
placed from the level of lowest water to show the whole range 
to top of embankment, so placed, that they can be easily seen 
at all times by the observer. The upper one to be on a level 
with apex of embankment and the lower one m the water at* 
its lowest fall. The upper mark of each is on an exact level 
with the corresponding mark on the bottom of the piece above 
it as shown below. 


12 

~1 



A regiolcr is to be kept as per form annexed. 
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BURDWAN DIVISION. 

Register of Floods (or Tides) in River ( ) 

at 



Date. 

Time 

Height 

Height shown 
by raage of 
flooa-nse be- 
tween crest 
of embank- 
ments 

Remarks 


Month 

Days 

IIOUTS 

Mm 

Feet 

Inches 

Feet 

Inches 












Results. 


CfT6diti6St* ••• ••• ••• ••• •••••• 0 0 

d'FQSltGSt* ••• ••• tt. •#. ••• 0 0 

^^liolc FlSGj ••• ••• ••• ••• ••• • • ^ ^ 

Rb^UII to F 1 S 05 ••• ••• •• ••• ••• ••• ••• ^ ^ 

Highest rise below crest of embankmeDts^^ .. 0 0 

The observations to be made as often as possible during the season of 
rise and fall, and all remarks relative to the weather and other phenomena 
registered in Remarks”. Lithographed forms to be furnished to the 
Overseers, and the guages to be set up at every bungalow or convenient 
spot. Every Officer during inspeolion to take the register himself, and 
a copy to be sent to Supermtending Engineer half-monthly. 

8. The zemmdaree hnes have been represented to be in a neglected 
and totally Inefficient state, and tlie reason is obvious, aa far as I can 
gather from the parties themselves, and which 1 heheve from the aspect 
of affairs to be the case, viz., that it is to the interest of the zemmdar 
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that the least possible or no outlay should be mcurred on the embankments 
by hvm. The lands appear to be sublet to persons styled putneedars, 
for certain rents^ the zemindar thus secure of his rent cares no more 
about the produce of the land, but the putneedar, who is of course 
anxious to realise *the greatest amount of advantage from it, is directly 
interested m the embankments though too poor to pay for repairs that 
would afford him protection, admit of his paying his rent, and realise 
a small profit 

The zemmdar knows that if Government repair his embankment the 
amount for such work would lessen his rental of the lands, and as he 
enforces full payments from the putneedar, it is altogether against his 
interest to countenance an improved state of affairs at his cost Undei 
these circumstances I despair of seeing any amendment, for if left in 
their hands, they will do the least possible, and as uninterested in results, 
they will not enter into the calculation of either the causes destructive 
to embankments, or those necessary to counteract them* No beneficial 
icsult can therefore be hoped for, and the interest of Government cannot 
too earnestly he laid before them to take these Imes into their own hands 
and permit the whole to be kept uniformly m efficient order, for the 
weakness of any one portion of any one of these zemindarec lines, renders 
useless the sums of money laid out by the State in those which are 
adjacent, and let me add that the proper system of mamtaming embankments 
Iso as to obtain the greatest amount of benefit, is founded on laws and 
maxims of science, of which a zemindar has no cognizance. 

9. Copies of my remarks on the works of the two Divisions through 
which the Dam4K>dah flows, will be sent to the Officers concerned, that they 
may offer such replies relative to their condition and construction herem 
noted, as may be explanatory of the same, for the disasters which have 
hitherto occurrM to the embankments and country,, are attributable to 
the liimted amount of former efficient construction, the want of protection 
and educated establishment, and the mistaken ideas of the gmdmg principles 
of the action of rivers, and means by which those prmciples may be 
turned to the double improvement of the rivers themselves and the 
country through which they flow. * 

Part III. 

1, Inundating rivers, says Rennell, occu|fl^ the highest parts of the 
tiracts through which they flow, and the effect of those inundations is, to cause 
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the grounds adjacent to the river to rise to a higher elevation than those 
1 emote. The reason is, that unequal quantities of sediment are deposited 
accordmg to the distance the inundation extends laterally, the matter 
in suspension becommg for an obvious reason, less and less as that extension 
increases. The overflowmg waters purify themselves gradually, so the 
effect produced is that of a moderate slope, highest at th^ margin of the 
nver and lowest at some distance After the first passage of a flood, the 
waters of the inundation traverse the lateral space at the slow rate of 
half a mile per hour, whilst in the bed of the iiver the velocity is five and 
six miles an hour; this is illustrated by the co^muity of the motive 
inundating column having a greater effective resistance arismg from its 
small depth as compared with the greater depth of Section of the river. 

2. The Damoodah follows low the above land, bemg on a higher level 
(1) Vide Sections I, II, VL, than the tract through which it flows, (1) it 

Vlll PI 4 jg iiigher than either the Ilooghly or 

Roopnarain ; levels recently taken showing it to be north-west of Burdvvan, 
40 feet above the latter river, the fact is moreover plam, from the 
circumstance of the tides passmg much further up the Roopnarain, they 
extend north to Guttaul, 25 miles above Gopeegunge, which is exactly 
opposite to Omptah, the limit of the tides in the Damoodah. At the 
point, where the above Icvql w^ taken, there was a regular fall, the 
entire distance , such is also the case at the lower portion, for in 1850, 
the inundation from the right bank of the Damoodah flooded and carried 
away part of the Ooloobariah road close to Koilah Ghaut, on the Roopna- 
lain, havmg traversed the coimtry without check for nme miles. 

3. Major Baker in liis memorandum of 17th June last, para. 5, states, 
" that it IS dangerous to throw a considerable portion of the water of the 

Damoodah into the Hooghly, except where it now discharges itself,” 
and such is undoubtedly to be^oided, but not for the reason given. It 
IS a good reason for keeping up the embankments and protecting the 
country between the rivers , viz , the sdt swept forward by the Damoodah 
would not drop at once in the Hooghly and form shoals,” for both 
nvers are affected by the freshes at the same season, and the flood of the 
Hooglily has sArcely any power agamst the velocity of the ebb. Sand 
and silt are not dropped till the velocity is less than one or one and a half 
miles per hour. Now the velocity of both Damoodah and Hooghly sepa- 
rately, durmg the only porflbn of the year when the former is loaded with 
silt, is five miles at least, and when they unite, that velocity must bo 
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greater, and if there were no impediments the silt and sand would all bo 
carried out to the Sandheads, where in fact very much does go, as those 
sands are cncreasing , but the cause of the shoals below the confluence of 
the Damoodah and Ilooghly, ts the Roopnaratn^ and a glance at the for- 
mation of the river will show it at once {mde annexed Sketch) "The Damoo- 
dah enters the Ilooghly at an acute angle, minglmg streams nearly in the 
same direction Below ihe confluence is a right-angled reach in pro- 
longation of which is the Roopnarain^ the freshes of which oppose those 
of the Hooghly directly across thnr course and checking the velocity during 
the latter of the ebb’s duration, cause the deposit of silt and sand 
The Roopnarain is similarly affedtod, each checking the other. Look at 
the huge sands at the mouth of the Roopnarain, deposited there by a 
similar check horn the Ilooghly, to that which forms the " James and 
Mary” by the influcnc e of the Roopnarain I have more than once watched 
this during last rams and am satisfied that the Damoodah has nothing to 
do with it, but on the contrary is rather an auxiliary to the Ilooghly. 

4. At para. 12 it is stated the embankments could bo made of 
" sufficient Section to confine such floods of the Damoodah as have been 
“ rccoidcd, but tlio unavoidable effect of such a measure would be to 

raise the river bed, to necessitate a constant and proportionate increase 

to the height and Section of embankments to stimulate the growth of 
*^*shoals, &c., &c.” Now havmg not only given much study to this subject, 
and sought for the opmions of every Engineer whose knowledge or experi- 
ence in other parts of the world could aid me, owing to the alarming 
picture here presented, I find that instead of any apprehension of the above 
evils to bo entertained fiom the permanent establishment of embankments 
on both sides, exactly the reverse is to be expected, as I will attempt to show 

5. Rirst —Of all the embankments arc many of them now more than 
equal to the gieatest pressure that could brought agamst them under 
any circumstances, as is clcai from the explanation given in Part 1. 
para. 10, nor, as I will show, need they ever exceed that Section. 

Secondly. — As regards the iiver bed, I have found from observation, 

Q) P) 4 See Nos I. II, HI. corroborated by tbc accompanying SocUon 
Vul os (ompored Tvith Nos V across, ( 1) tliat sand has odl^ been deposited 

m those parts where, either from some 
obstacle, or from the withdrawal of portion of the flood waters by branch 
channels, such as the “ Canna” and “ GojalP Nuddees, lilie velocity has 

been checked and lateral diversion ensued. 

% 
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6 Again, it is only during tlic freshes tliat sand is held in solution by 

the river, and it is at that time that its velocity is far too great to permit 

that^ substance to be deposited except under the circumstances noted 

above. Any body who views the Damoodah water when the freshes 

ai e over, cm bear witness to its transparency and the absence of all 

foreign substance, nor could the velocity at that season move the sand 

over which the water flows, for the action of the floods has given it a set 

on the bed. The clearness of the water may be mainly attributed to* 

the Damoodah receivmg no drainage or tributary, from 30 miles above 

Burdwau to Omptah, a distance by the iiver of fully 120 miles. Below 

Omptali it changes its character, flows tlirough the valley of the Ilooghly, 

and receives a great part of the drainage of the two Mundul Ghaut 

estates, yet licre with all this accession 

of volume the channel bed is maintained 

nariowcr than it is abovc.(l) 

7. It was stated 25 years ago, and 

attempted to be proved by Sections taken 

at an interval of seven years that the bed 

of the Damoodah was silting up at tlie 

rate of 7 pci annum Now had such been 

the case, the bed v ould now be 14 feet 

higher than it was then, which is not the case, the particular spots, 

unfortunately for the reporters, where those Sections were taken, being 

where lateral diversion or great widening of the bed occuned, and they 

have shifted since, to be replaced by others, though no general rise of the 

bed has, oi indeed can occur from what has been said Hence we may 

fairly give up the idea of silt or sand bemg dej)ositcd even under the 

present unfavorable circumstances attending its banks, but I will now 

prove tliat the bed, mstead of bemg liable to silt from the establishment 

of the embankments on both sides, will be scoured out and improved^ and 

protection afforded to the country (2) I 
(2) PI 4 Sections Nos V , VII ^ i J ^ / 

am quite aware oi the dangerous powei 

of floods such as come down the Damoodah, but I feel confident that the 

principles winch I advocate will give control over that power, and on that 

account urge the necessity for their adoption. 

8. In the following Ftffs, it must be remembered that they are diawii 

to distorted scales for the4)urpose of showing the vertical distances moie 

clearly. The same letters are applicable to both Fiffs 


(1) PI 4 Sections Nos IX to 
XII 

(1) PI 4 Sections IV and 
Vill hliow 20 and 23 feet between 
b* d and flood, ot 23 and 26 bet\vc« n 
t(»p of t mbankments and bed, and 
the averat/ii of 3 Sections taken in 
1827, shows only 24 J be! ^ eon bed 
and ti»p of < inbiUiknitnih, and Nos 
V and VII show 28 feet above 
bed or 31 from bed to top of c m- 
baiikmeut. 
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Fur 1 



At Ftg. 1. IS a stream, ’which moving (on tho principle of falling 
bodies) with an accelerated velocity as it descends thd^-slope, acqmres at 
b the power to excavate its bed and form a pool, c ; but this process is 
destructive of its o'wn power and a countcrfall is thereby established from 
cio d, A similar process is then commenced from d where the natural fall 
restores the power.’ The connteffall c d acts as an obstacle to the direct 
course of the stream, and being from that cause no longer able to over- 
come the resistance of the bed, it acts Ifierally on the banks, which 
become farther apart as you approach d, the current gettmg feebler, till 
top of the counterfall gained, the equilibnum is restored and the same 
process is repeated. It is thus that Fig. 2 can be traced from Fig. 1, and 
the plan drawn from the Section. Thus it is that Nature deals with river 
beds, and the effect above described must have been witnessed by every 
one who has seen a river m the dry season, which plainly discloses the 
operations tiiat have been carried on durmg the season of flood which is 
the real govemmg state of the river. 
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9. It IS seen liow the variable Sections of a river are thus formed by 

the corrosions of the hanks when they arc corrodible, and the stream not 

, „ „ . ^ ► able to act on its bed. This is Nature’s 

(1) PI 4 Sections 1,11, HI, , . , » .■.x 

IV have eaten into thp bank from own doing and IS an established fact.(l} 

With the nver formation, however, I will 

V and VII have scoured it out ^ot mterfere, but having established the 

principle on which the workmg of the 
stream is ordained to act, I will apply it with equal hmth to the reverse 
of the above case, and it can only be just to conclude that, on the above 
facts, if lateral diversion of the current beyond its natural limits is per- 
mitted, encouragement is immediately given for further action on the 
banks, that is, if embankments do not exist on one side, and the flood 
wanders from its channel, the velocity is dimmished and the embank- 
ments on the other side arc either eaten mto, and if not breached, under- 
mined. Whereas by the establishment of solid works, such only as I have 
before referred to, on both sides, you compel the current to act m its 
natural and legitimate way in the scouring of the bed, and examples arc 

not wanting of this effect. (1) The river 
(1) PI 4 Sections v,vn tt i,, fn 1 - c xi. 

Hooghly at Calcutta is far narrower than 

at Diamond Harbour, yet tlie current dunng the most violent freshes 

does not corrode the bank of the river on either side at tlie former 


(1) PI 4 Sections V , Vn 


place but maintains an unencumbered deep channel, whilst at Diamond 
Harbour from the dimmished velocity caused by greater friction from 
larger wetted surfine, and lateral expansion, it is so rapidly eating away 
the banks that the Government buildmgs are endangered and must 
he re-built this year. The lateral action can be witnessed all the year 
round on the hanks of the Ganges, where during the period of the 
feeblest stream the lateral action is at work on the banks, and m the 


widest parts. 

10. At para. 6 of Major Baker’s memo, it is stated that “ 645,333 
culne feet of water per second has to be disposed of durmg the period 
" of a flood, and that at an average velocity of three feet per second, it 
“ would require a channel two miles wide and 20 feet deep.” There 
are two tlunga here to be noticed, first, that tiie channel is not anywhere 
two miles wide, but in some places not more than three-quarters of a mile, 
and in these narrower channels, the embankments mtact on both sides, have 
pacaaif the flood-wateTB, the inference from which is, that three feet per 
second does not show the velocity, three feet per second is hardly more 
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fliati two miles an hour, whereas when the above quantity of water is 
pngging down, the velocity is fully three tunes as much, and that it must 
be so, the fact of its passmg through the murrow channels and not over 

them IS proof (1). The second matter con- 

(1)PL4 SecUOMV,VlL,IX.,X tk Y, ** * *1, * 

nected with the above statement is, that tlie 

quantity of water though very great even for a channel like the 

Damoodah’s affords only the more power to be judiciously employed 

for effectmg an improvement of the bed for even 6,45,333 cubic feet 

per second, is 67,392,000 tons per hour, which at the elevation of the 

river basm, and a hoisc power being 33,000 lbs. gives 10 million horso 

power, which distributed over the length ^would give about 47 horse 

power to every yard of the river’s course, the greater part of which is 

now lost by diversion over the country and friction on so extended a 

surface. The Roopnarain from Pertabpore to Koelah Ghaut, a distance 

of 30 mdes, has a breadth of channel scarcely exceedmg from 150 to 300 

yards, and tlio volume of water it pours down is enormous, leceivmg as 

It docs, the Selye and Tarrajoole just above Perta.bpoie, yet does this bank 

corrode but very shghtly during that whole distance, and tlic hed is 

perfectly clear. It must be further romemborod that there is no accession 

to the origmal volume of flood water that passes down the Damoodah 

for 120 miles of its com*se, save what may be added by ram fallmg on 

the area of its basin, for there is no land drainage in that distance, the 

floods therefore as they traverse the river’s course are by time and friction 

much reduced ui power the lower they travel. 

11. The efioct of hmiting the flood channel is to increase the velocity 
and not to raise the level , this is an important fact to prove when 
advocating the retention of the embankments on both sides, and as 1 
have shown that the embankments themselves, when constructed as they 
are now beit^, are capable of resisting the greatest force to which they 
can be exposed, if I can also show that the level of the flood will not be 
raised thereby but that the bed will be scoured and improved but httle 
will bo wantmg to turn the scale ui favor of retention 

12. In my No. 3063, of 7tli December last, paras. 7, 8, 9, I 
noticed the flicts of the disastrous effects of woakenmg the power of 
streams by diversion of the waters. I brouglit forward the case of the 
Biltmg up of the Euphrates wheu the current was diverted by the western 
cut made to lessen the ravages of inundations, and that a marsh was 
fmmed thereby breedmg pestilence and deatL I also brought forward 
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the attempt to lower the inundations of the Tiber by a canal cut by order 
of the Roman Senate, but which did not reduce the level one inch. In 
contrast to the above was the fact of the river Po in Italy, which, when 
its various branches were united into one channel near the Towns of 
Placentia and Parma not only caused a deepening of the bed but the 
neighbouring marshes were ultimately drained mto it ^ 

It has been supposed that the Po silted up its bed. Not so. It is tho 
" Lamone” which enters the Po near St Albert, hence tlie mistake, and 
to show that the silting of that river is peculiar to itself, and has no 
reference to our pr^ent subject, the detritus brought down by the floods 
of that river is calcareous wliich hardens as it m deposited This was stated 
by Professor Vignoles in a lecture at the London University, and that this 
deposit IS only in the upper or gravelly part of its course, there being 
ho perceptible rise in the sandy channels ” I must here repeat also 
what I entered in that letter, an extract from a valuable work, on the 
improvement of the Tyne which improvements have been carried out. 
" (P. 49) Where the river has a wide encumbered bed with sand-banks, 
there is so much more resistance offered to the action of the stream, 
than whore the bed is narrowci, that there is less available power to 
transport or scour the deposit, therefore the improvement of the bed 
is required to be looked to, and the area restricted^ 

Gulielmmi an excellent Italian Engineer says, If we restrict a rivci’s 
bed by art, we cause it to deepen its bed^ while if the bed is too wide, or 
divided mto several branches its bottom will be raised m proportion.” (1) 

-ni . o * T IT TTr This effect is the same as that which a 
(1) See PL 4 Sections I IT III 

VIII as compared with V Vll in permission to flow ovcr the country would 

illustration. . n i i 

produce increase of volume then does 
not produce higher level, on the same reasoning that the reduction of the 
volume, as in the mstanccs cited, docs not lower the level. " The 
elevation of the Po in floods,” says Frisi, is not affected by the 
" accession of the Reno, neither is the Rhine after the junction of the 
Mayne.” 

13. Thus I think three important truths have become manifest The 
first is, that the Damoodah silt is deposited m places where the current 
IS weakened by diversion, and that the deposit of silt in all inundating 
rivers is highest on the margin, and decreases in land, forming a glacis 
from the edge of the river to the interior where a marsh would most 
likely be formed. 
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The second is that the abstraction of the water from the natural 
cliannel causes decreased velocity^ consequent action on the banks, and 
prevention of an effici^t scour of the bed, and mee verad, by restricting 
the channel, the scour is effected by means of the increased power gained. 

Thirdly, that there is, from the above reasons, no cause to suppose that 
the nverdped wdl rise when embankments are constructed on both banks, 
but quite the reverse, and that the embankments of their present Section 
are quite capable of resisting the greatest power of the current, and that 
the level of floods will not be raised by their permanent retention on 
both banks. ^ 

14. Let me briefly aUude to the project suggested by Major Baker, 
and which under the circumstances as he has stated them, is the 
most favorable of all that has been brought forward, but I thmk 
that viewing it under the aspect I have given it, the result is not so 
favorable. It is proposed to abandon the right bank barrier, and permit 
the uncontrolled flow of the water over the country. I know that just 
below Burdwan and for several miles above Omptah, there is no elevated 
tract midway between the two rivers, but that the waters from the 
Damoodah flow across to the Eoopnaram But even if in the central 
portion of the river’s course there were this tract that would retard the 
progress of the floods, look at the annual deposit of silt highest at the 
margin of the nver which would prevent the return of the waters, (unless 
with very expensive drainage works) and cause the formation of a 
stagnant marsh m the interior. Then mention is made of compensation 
to the ryots, but what can compensate them for a permanent banishment 
(for permanent it must be if they expect to be annually submerged) from 
their villages and when it is truly asserted that the tract of countiy 

will be cultivated if at all under considerable risk.” The loss to 
the revenue will be complete as regards that tract, and which I am of 
opinion will be found to be far more extensive than imagined. But why 
should it be given up to waste and desolation or so many hundreds 
washed out of their homes ? I hope there is no necessity for so extreme 
a measure. 

15. As regards the breach at Bangamarra” alluded to in Major 
Baker’s 14th para, there is a village of that name on both banks, and 
whilst the groimd on the right bank at that spot is high, that on the left 
IS very low indeed, so much so, that the inner slope of the embankment 
IS 18 feet high (vide Section No. 46). Breaches have constantly occurred 
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at tins spot and die floods find their way down to Serampore, and below 
that^ returning to their old bed by the Camarea and Mundorea Khals, 
thus I fancy an error must have somehow crept into Major Crommehn’s 
report by the substitution of the right bank for the left, for so serious 
have been the breaches m what is called the Moohunpore line behind 
Bangamara on the left bank, that an entire new one has been constructed 
higher and stronger than those made before, which have been breached 
from their inefficient Section. 

16. The expense attendant on the construction of a' hue of embank- 
ment across the country from the Damoodah 1# Rqppnarain and from 
that a backbone line up the centre of the tract, would cost quite as much 
as the entire reniodelhng of the right bank embankment in an efficient 
manner, in addition to which I may add, that as far as tke lower Muiidul 
Ghaut estate is concerned, an immense inner embankment extends across 
the countiy from the Boxce Khal on the Roopnaram, eight miles above 
Koela Ghaut, to the Damoodah, skirtuig the Gygliattee Khal about diree 
miles above Musraka This embankment is now on an average 16 feet 
higli with slopes m proportion. 

17. Marginal lefciences have been made to the Sections in PI. 4, 
which have been with great care taken by three different Officers 
during the month of December last completely across the channel of the 
Damoodah, embraemg the embankments and the level of the country 
on both banks They serve to prove all that has been advanced m favor 
of retention in an efficient manner the embankments on both banks. 

Nos. I. II VI. VIII show the effects of the deposit, as alluded to m 
para 1, of Part III., forming a greatci accumulation on the margin and 
sloping towards the country, where mundation has occurred, and this 
must increase as long as the waters are allowed to wander uncontrolled, 
and every year will add to the baneful effects of the formation of stagnant 
marshes inland. 

18. In 1827, from Sections taken at three different places on long 
sandy levels, the average height from bed to top of embankments was 
shown to be 24^ feet, now Sections PI. 4. Nos V. VII. show 28 feet 
between bed and floods or 31 between bed and top of embankments, and 
even Nos. I. II. IV- show 23J below flood or 26 below top of left 
embankments, so no permanent silting has taken place, and the narrower 
and protected channels of Nos. V. and VII. prove the fact of the scour that 
takes place with the increased velocity, whilst Nos. 1. 11. III. IV. (but 
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especially the two first) prove the accumulation of encumbrances of sand, 
from the over-extended channels, the diflSculty experienced by the stream 
in carrying the sand forward, and consequent corrosion and greater ex- 
pansion laterally. This too, I think, entirely refutes the anticipations of 
Major Baker, in para. 12 of his report, alluded to m para. 4 of Part. III. 
of this, that the decreased area " will stimulate the growth of shoals, Ac.” 

19. Sections IX. to XIL show the form of nver bed below the limit 
of the tides, where the constant flow and ^e-flow of the water has kept 
the channel well open and the freshes scoured it out. Here too is shown 
that ample exit, (XI. xJl.) is given to the floods that pass down, so that 
there is no fear of any rise of flood above that shown in Nos. V. VIL, 
which have received and passed free the entire volume, or that alluded 
to in para 10 of this part. 

20. Thus I have endeavoured to collect a mass of proof and precedent 
which when well considered and referred for the decision of Government, 
cannot, 1 think, admit of hesitation of that decision being favourable to 
the protection on both sides, and that it is worthy of the deepest 
consideration, the great and important interests involved will prove, and 
it must also be considered that the fact of failure, disasters and remission 
of revenue, up to this date, show that the system hitherto of neglcctmg 
the efficient maintenance of these works has been delusive and wrong, 
and thus there is additional evidence in favor of the proposed amelioration. 

I have the honor to be. 

Sir, 

Your obedient Servant, 

H. GOODWYN, Lieut-Col, 
Superintending Eng%mer^ S. E. Provinces. 
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Abstract of No. 4005, lO^A FAtruary 1853. 


Paha. 1. — Reports on the ^.iver Damoodah, embracing every subject 

connected with its embankments, bed, banks, drainage 
and mundations, and divides these under three heads. 

„ 2. — 'Notices the pomt from whence the embankments com- 

mence on the left bank, the dimensions to which they 
have been renewed and repaired, and theflood-he^ht upon 
them of last year, and the highest rise for many years. 

„ 3 — Bay of Bagubpore already reported upon , notices the 

nature of embankments at that place ; opposite danger- 
ous bend of Banka Nullah considerably strengthened, 
and river bank sloped off at that place, before and after 
the rains. 

„ 4 — Excellent Imes of embankments constructed before the 

rams at Jojootee ; from Belcoss to Beharpore will not 
require repairs for several years, protection ordered to 
be given them by bamboo stakes and fascmes, and 
slopes to be extended 

„ 5 — ^Villagers cut breaches m the embankment at Edilpore 

and Catgola during the rams, which have been leported 
upon, these have been substantially filled up since, and 
the latter village removed witlim the embankment. 
Renewed Ime from Edilpore to Noutungsibn in excel- 
lent Older, completed before last rains, m continuation, 
the line is bemg straightened and increased in Section 
from Noutungaon to Hant&imul. 

,, 6 — ^Notices a double row of large trees from Catgola to 

Hameerpore on the outer edge of nver bank, embank- 
ment not far from river , river bank corroding, and 
suggests the trees being half cut and allowed to fall 
over the bank, to prevent its further erosion. Increase 
of Section recommended to the embankment between 
Catgola and Chotepore from soil bemg light m that 
distance. Huts noticed close to the heel of embank- 
ment at Hautsimul and eastward of Chotepore, villa- 
gers destroymg the embankment, which calls for 
remedial Regulations to stop the pernicious practice. 
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Paka. 7 — Represents a scene of desolation at Debda caused by a 
breach 21 years ago; shows increase of Section to the 
embankment at that spot^ and in continuation to Fut- 
tehpore. 

,, 8. — Futtehpore to Palnah, line in good order, but not 

sufficient in height 15 mches below the flood of last year, 
being raised to that of the preceding line, soil good and 
its slope 2 to 1 quite sufficient, its curves to be 
taken out and remodelled , further on to eastern end 
of Palnah old line, a new one under construction 
Between the Western end of the great Sulalpore new 
line and Palnah, the embankment is being strengtliened 
beyond flood-level. Cultivation between these villages 
and at Futtehpore brought up to toe of outei slope, foi 
which there is no remedy River bank might be sloped 
here with advantage , soil yielding. 

„ 9 — North of Sulalpore a mile of new line constructed, m 

rear of Selimabad, before last rains, extending to Canna 
Nuddee, too far in land Bad alignment, much 
land thrown outside the embankment, and unpro- 
tected, and hence prevents tlie scour of bed of river, 
course of the rcadi South of Dadporc is thus at right- 
angles with the embankment, and should not be permit- 
* ted Remarks that this occurs in more than one 
instance Dam across the Canna Nuddee should have 
been placed ncaier the mouth, had it been ordered by 
the Board at an earher period, it has been placed ui 
continuation of the Selimabad line Describes the dam, 
which IS considered very creditable to the exertions of 
tlie Executive Engineer and his European Overseer. 
Land between dam and river brought into cultivation 
and submits the question of property of that land, for 
decision 

„ 10. — Represents difficulties of constructing a new Ime through 

the village of Jamalporo. Encloses an accurate 
sketch of the village on which the Ime proposed by the 
villagers is marked. Old embankment on the nvci 
bank threatened, the bank itself being broken and no 
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Paka. 


3 ^ 


33 


33 


space left to slope it Inner line necessary behind the 
village, which should run 1,000 feet from the old 
embankment Considers the embankments quite strong 
enough for resisting floods , enters into a detail of the 
weight of material, as opposed to that of flood-dnven 
water m a gale of wind. Gives a Section of the Sclima- 
bad bund, and observes that, if breaches do occur 
as they did last year, it must origmatc from the acts of 
the villagers, or zemindars of the villages of Selimabad 
and Jamalpore, which is to be guarded against 

1 1 — New inner line between Culnah and Debdara described, 

a bcttei one might have been chosen , round the village 
the new line breached last rains to the extent of 
140 yards , another new line also noticed extending 
to South of Bistopore , the point at Debdara to be 
strengthened, and a new inner one also recommended , 
another new line noticed from Debdara southward to 
below Bistopore , four bleaches on this line, one of them 
very serious, 13 feet deep, through which much watei 
escaped into the country, and extended to a distance of 
14 miles Assigns causes for the breaches, and sug- 
gestions oft'ered for filling up the smaller, and protect- 
mg the large one by damming it. 

12 — An old line intervenes between the great breach and a 

new one, taking off from Mohunpore to Bangainara , line 
objected to as too retiied, having much land exposed, 
it IS from being constructed m the rains, and left m an 
incomplete state; remarks upon the madvisibility 
of constructing embankments m the rams as they have 
failed in e\ery instance in the Burdwan Division, whilst 
* tho«!e completed before jt, have stood. The line to be 
strengthened and raised, excavation in fiont of bund to be 
dammed. 

13. — Country in rear of the embankment at Bangamara low, 

Sections of old and new line given , Section decreases at 
Joyrah , recommends it to.be strengthened and improved 

14 , — New Ime from Joyrah to Mohunbattee described, the 

continuous excavation in front to be dammed at intei- 



( 54 ) 


vals. An embankment of small Section recommended 
where the Ime of bund ends. 

Para. 15. — ^North of Oooltigree to Chuckessub 5 bund insignificant 
and useless^ a new Ime necessary; embankment improves 
from last-named village, but Section bad, line tortuous 
and approaches dangerously near the river, a new line 
to be formed m continuation, terminating at Nusker- 
pore. 

„ 16 — Old line between Nuskerpore and Champadanga to be 

repaired, strengthened and straightened, it is close to 
river and the river bank has been sloped off to prevent 
further cutting here, as well as at Pospore, lower down 
which has answered. 

„ 17. — A new line described below Champadanga to Comar- 

chuck constructed before last rams, crest two feet 
lower than last season, no injury sustained except to 
some turfing, and notices the cause thereof, would have 
been more serviceable was it nearer the river, marsh 
on which it stands to be dramcd. 

„ 18. — Only small portion of embankment remains at Comar- 

chuck as far as Morell, a new line in continuation in 
course of construction, iiie old line is dilapidated and 
tortuous, observed improvement in the system of em- 
bankment under construction , old lino to Badoorcliuck 
in good order. 

„ 19 — A new line commences from Badoorcliuck constructed 

last season, requires raising two feet. At conclusion of 
part I. will be given an account of a guage to prevent 
the practice of working in the dark. Notices slight 
additions made to embankment , completed additions do 
not incorporate, and loss sustained thereby in turfing. 

„ 20 — At Bmdaramchuck and Roimpore bank of iiver partly 

sloped, and, with advantage, may be continued to a 
ftirther extent. A re-entermg angle under correction 
at the last-named village. Hurriarpore to Camarea 
Khal, the whole hne remodelled, and that below Smti 
having been done before last rams. Bank sloped from 
below Pospore with very good effect. 
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Faba. 21. — ^Abrupt termination of embankment quarter mile North 
of Camarea Khal, which is an outlet from tlie Damoodah 
mto Mondorea Khal, it injuriously withdraws a portion 
of the flood waters, which^here, and at the Canna, 
become the repository of silt from effects of diminished 
Telocity. Dam ordered to be made across Camarea ; 
abandonment of embankment on South bank recom- 
mended; embankment in the mterval northward on 
the left bank of Damoodah to bo continued. 

„ 22 — Embankment lower down not cared for nor m so good 

order as the lines North of Camarea A Jhoel below Go- 
bmdehnek slopes of the embankment to be extended and 
protected by stakes , suggests drainage of Jheel through 
iron pipes as it seriously affects stability of embankments. 

„ 23. — ^From Naichuck to Callenchuck, Ime in a precaiious 

position, it may be preserved by sloping bank of river 
dunni! the rains , three huts on embankment to be 
purchased and removed, and tlie line kept free from such 
encumbrances. Below Callenchuck Ime further rctiicd, 
was repaired and strengthened last year. Below this 
part atSmgchuck the position similar to that at Naichuck, 
and similai means will be adopted for its preservation. 

24. — From Singchuck to jimction of Mundorea Khal embank- 
ment scarcely exists, havmg been abandoned at the 
representation of Colonel Sage. Points out that Officer’s 
error and states that the water reqmred for raising 
that crop, may be obtained from slmccs, and that the 
embankments of the Damoodah be kept up most stiictly 
not only for protecting the country, but forcing the 
floods to scour the nver bed. Hecominends line fiom 
Smgchuck to Mundorea bemg entirely remodelled, and 
assigns cause why the old line cannot be repaired, 
suggests that Civil Officer accompany the Executive 
Engmeer, to visit the spot, and make over the land 
required for new line, as it will otherwise take half a 
season to survey and measure the parcels of land 
appertammg to different owners, and hence much 
valuable time will be lost 
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Paba. 25. — ^To complete the protection , suggests that portion of the 
embankment from Burra Moira on left bank of 
Mundorea to the Bungalow at Omptah be straightened 
and ren^delled. 

„ 26. — ^Notices that Omptah is the limit of the effects of tides, 

river changes its nature there ; above that point its bed 
IS pure sand, and below it to its out-fall at the Hooghly 
IS silt. No drainage falls into the Damoodah above 
Omptah, owing to high level of tract, but below it 
receives numerous muddy khals the drainage of low 
lands to the Hooghly , further notice will be taken of 
it in Part III. 

„ 27. — From above Omptah to Doura, line m good order, 

between Doura and Rannapara, it is being strengthened, 
and repaired this year A breach from a sluice having 
blown up from faulty construction, and a channel formed 
to the river, proposes to dam it and put a new sluice 
m of better construction, smuosities in the line requires 
strengthening and correction as far as a mile below 
Oudan. 

„ 28 — At Coila commences the Depot of the Bengal Coal 

Company, as far as Futtehpore, with other encumbrances 
which lb brought prominently to notice. At Futtehpore 
there is a bazar occupymg quarter of mile of the crest, 
and slopes of embankment, winch should be watched 
to pi event further encroachments, and weakening of 
the Ime from abstraction of earth from it. 

„ 29. — Remarks that the embankment from Noapara to 

Musraka are in the same state as when I last saw them 
in 1847, require remodelling and correction of align- 
ment. 

„ 30 to 37. — Reports on the embankment on right bank as 

far as Musraka Ghaut, the limit of the Burdwan 
Division, and pomts out the dilapidated state of the 
lines, the appearance of the country m consequence oi 
neglect of embankments. 

„ 38 to 51. — Reports on the right bank from Musraka to 

the Hooghly being m the Midnapore charge , points out 
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the inutility of the Government expenditure on their 
embankments if tlie zemindaree lines interveni% and 
adjoining be not kept up m the same degree ol efficiency. 
Notices how very badly the Darogahs have performed 
their duty in the repair of several hnes^ and m what a 
neglected state tliese embankments appear to have 
been kept. 

Para. 52 to 68 — Reports on the state of the embankments on 
left bank resumed from para. 29, notices as m the 
previous para, the little care that has hitherto been 
bestowed in tlie proper preservation of correct Sections 
oi height of the embankments, how inefficient have 
been the rcpaiis given last year, which demand 
stiengthening and additions, tins repeats the necessity 
of taking the /cmindaree lines into our own hands, for 
loasons given, and the state of the lines as remarked on. 


l^AUT II. 

1 Notices the ill-effects from retiring lines of embankments too fai 
from the river margin. 

2. Brmgs to notice the necessity for a revision of establishment and 
l>assmg of an Act for the preservation of the embankments and notices 
tlie existing e\ils of the system at present 

3. Notices the instances and circumstances under which only should 
work be carried on during the rams. 

4. European supervision shown to be preferable to Native. 

6. Relative to the dams and sluices of tributary streams. 

6. The sloping of the banks of rivers absolutely necessary for 
preservation of embankments and should be a part of the system. 

7. Noticing that the correct flood-rise of rivers has not been 
registered or sufficiently accurately mquired into, and proposes a guage 
and register for the better correction and regulation of the same. 

8. Gives the reasons for neglect of the embankments by the zemindars. 

9. States that the remarks on the embankments will be forwarded 
to the Officers concerned. 
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Paet III. 


1. Effect of inundating rivers as regards the deposit of the sediment on 
the margin, and gradual decrease with the distance from the river bank. 

2. The Damoodah follows the law of all mimdatmg rivers and 
points out that the Damoodah is on a much higher level than Roopnaram 

3. Proves that the Roopnaram and not the Damoodah is the cause 
of the formation of the sands m tlie Hooghly called ^ the James and 
Mary,” with diagram to illustrate the same. 

4. The contraction of the river channel limits would have the effect 
of scounng the bed and not that of forming sands and shoals as supposed 
by Major Baker. 

5. The embankment Sections are more than equal to the greatest 
pressure of water, as shown m para. 10 Part I., and sand has only been 
deposited m those parts where lateral channels have drawn off part of 
flood water. 

6. The velocity of Damoodah dunng any other season but the 
freshes, IS not suflicient to transport sand, and that it is only durmg that 
season that debris is carried on to the Hooghly. 

7. Shows that an attempt to prove that the Damoodah bed was siltmg 
up IS fallacious, and that by the mamtenance of embankments on both 
banks the bed will be scoured out instead of bemg encumbered. 

8 Proof of above with diagram. 

9. Further proof, referrmg to the rivers where the narrower bed 
admits the passage of floods, without erosion, and that where there is 
lateral expansion the banks are eaten away. 

10. The advantages and power to be gamed m scounng the bed, 
by the admission of the volume of water that Major Baker says passes 
through the channel m flbod. 

11. The effect of limiting the flood is to increase the veloaty and not 
to raise the level of tlie water. 

12 Refers to the examples of former times — ^the silting of the Euphrates 
and Tiber from the effects of withdrawing portion of water ; and shows 
that from the calcareous nature of deposit the “ Lamone” a tnbutary of 
the Po” m Italy, had its bed raised and that this has no reference to 
theDamoodaL Other examples and authors quoted m proof of truth 
of para. 11. 

13. Recapitulation of three foregoing truths. 
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14. Argaments against the proposal brought forward for ibe abolition 

of the embankments on nght bank. ^ * 

15. Expluns an aj^arent error regarding the effects of a breach at 
the village of Bangamara. 

16. The cost of remodelling the embankment on right bank would 
not be more than the proposition for a central embankment between the 
Damoodah and Roopnarain. 

17. Reference to sheet of Sections showing the glacis of the margmal 
deposit, sloping towards the mtenor. 

18. Reference showing where and imder what circumstances sand 
deposit has occurred; and pomts to those channels where high banks have 
passed the whole flood water and scoured the channel’s bed. 

19. Points to the Sections below limit of tides to show that the floods 
have a clear exit 

20. The fallacious system on which the embankments have been 
hitherto maintained has been the cause of disasters and loss of money, 
and pomts to the evidence in favor of the new system and mamtenance 
of embankments m all their integnfy. 


II. GOODWYN, LteuL-CoL, 
Superintending Engineer, S. E, Prmneet. 
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No 536. 

Feom 

Lieut.-Col. H. GOODWYN, 

Superintending Engineer, S, E. Protmces, 

To 

Lieutenant J P. BEADLE, 

Offxmting Secretary, Mihtary Board. 


Calcutta, 25tk May, 1853. 
Sir, 

With reference to the orders of the Mihtary Board, No 
13,166 of 28th ultimo, that the course of a nullah opposite to Sehmpore 
on left bank of Damoodah, should be traced towards the Dalkissore, under 
the idea that an artificial junction might be made to carry off part of the 
Damoodah floods, I have the honor to forward a report from Lieut. De 
Bourbel on the subject, accompanied by a sketch I think that this Officer 
has done all that is possible this season owing to the impracticable nature 
of the country, and the impossibihty of effecting a clearance sufficient for 
levelling purposes before the rains. 

2nd. As regards the probable effect, I cannot but reason consistently 
with iny former opinion that it would be injurious to tlic future state ot 
the river itself 


I have, &c , 

(Signed) H GOODWYN, Lieut.-Col, 

Superintending Engineer, S E Fremncet 


REPORT ON A KHAL- PROPOSED TO BE MADE FROM 
THE DAMOODAH TO THE DALKISSORE RIVER. 

The Buddye is a large nullah {vide sketch) which branches off a little 
below Sehmpore, from the right bank of the Damoodali River iii a 
southerly direction for about two and half miles, and then continiies its 
course parallel to the Damoodah for four mules, where being turned off to 
the North by high ground, it is divided mto two channels, one of which 
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falls into the Damoodali at Panchpara^ the other being joined by the 
Sel^ Nullah also discharges itself into the Damoodah lower down at 
Soomsur. Should the khal be made therefore from the Buddye Nullali 
to the Dalkissore^ it would save two-and-half miles of excavation, and 
receivAhe Damoodah floods. 

2nd. The Dalkissore River having its course nearly parallel to the 
Damoodah, is distant from tlie latter about 15 miles, at Palla however 
taking a curve to the North, it reaches to a distance of 12 miles from the 
Damoodah. I found a nullah here which falls into the Dalkissore, and 
tracing its course in a north-west direction for seven imles, arrived at 
Dommy, fiom whence it is an insignificant brook for three miles up to 
Ranee, its source, situated in a dense jungle. 

Dominy is four-and-half miles distant from the Buddye and Ranee 
about five miles. Should the khal be made therefore from the Buddye 
to meet the above nullah, it would save five miles of excavation. 

3rd. To make a cut direct from the Buddye to meet the nullah at 
Dominy would be a very expensive undertaking, as it must pass through 
the high ground at Kistenuggur which is on an average 100 feet above 
the level of the bed of the River Damoodah. But as there is lower 
ground in t]ie jungle to the West of Kistenuggur dotted with some high 
mounds, a khal might be made startmg from the Buddye, avoidmg these 
liigli mounds to fall mto the nullah between Ranee and Dommy. This 
klidl would have to cross the Sclye Nullah mentioned in paragraph 
(1) which lias its source from near BancooraJi , it will be reqmsite 
tlierelore to turn off the course of tins stream into the Dallassore. 

4tli I found it impossible to take levels during the hot weather, as 
greater port ol tlic work would be m a dense jungle* 10 feet high, and 
to cairy lines of levels through this it would be requisite to employ a 
number of men and elephants to cut the trees and brushwood away m 
01 del to form a clear road. 

(Signed) R. De BOURBEL, Lieutenant^ 

Executive Engineery llth Dimsmif in Chaige 


(True Copies ) 

J. P. BEADLE, Officiating Secretary 
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No. 1437. 


From 

L1BUT.-C0L. H. GOODWYN, 

SupennUnding Engineer, S. E. Provinces, 


To 

Lieutenant J P. BEADLE, 

Officiating Secretary, Mibtcay Board. 

Ccdcutta, \Zlh, July, 1853. 


Sib, 

I HAVE the honor to forward the sketch map of the 
Burdwan Division g^^ey and le\cls between the Rivers Damoodah and 

Roopnaram taken by Lieutenant Stewart de Bourbel and Mr. Nield 
dunng last cold weather, together with a report on tlie result of their 
operations. 

2nd. There are several important facts to be noted from this survey, 
amongst the pnncipal are, ffist, that the ridge or high tract which was 
supposed to exist between the two nvers terminates in a Ime drawn from 
Burdwan to Kunderhe on the Dalkissore, or about oiie-fifth of the whole 
length between the extremes of the survey. 

Secondly . — Tliat the level of the bed of the Roopnaram is considerably 
below that of the Damoodali. 

Thirdly — That fhere exists a tract from below the Calcutta and 
Bancoorah road, 30 miles above Omptah, where the mtervening country 
IS from 6 feet to 11 feet below the flood-level of the Domoodah, whilst above 
that road, m the vicinity of the right bank of the Damoodah, there are 
many spots below the level of the highest floods, as shown by the difference 
between the blue and red figures, tlie flood-nse being at least 17 feet 

3rd. It would be superfluous for me to reiterate my opinions and to 
urge the strong reasons which 1 before gave for keeping up in strict 
integrity the embankments on the right bank of the Damoodah, which, 
as I before stated, mvolves another beneficial result than that of protec- 
tion to the country, mz., that of vast improvement to the rivei itself, and 
the gradual lowermg of its bed. 
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4th. Any attempt to form a central line of embankment between the 
two rivers will be attended with the disastrous effects of forming an 
unhealthy marsh in the mterior, as the margin of the river will rise as 
each successive flood goes over it m far greater proportion than any 
other spot distant from it^ and the present waste and desolate tract of 60 
square miles will be increased tenfold. I agam request consideration to 
Part III. of my report, and hope that the arguments may be duly 
weighed before the determination is come to. 

5th I would claim some credit for the young Officers who have 
drawn up the report, as they have evidently, zealously and critically 
noted the peculiarities of the country, with a view to general utility. 
The kunkur formation may possibly be valuable and is worthy of further 
inquiry. 

6th. I have kept no copy of either report or sketch, knowing that 
they were required without delay, so tliat 1 tiust they will be returned 
to be recorded m this office. 

I have the honor to be. 

Sir, 

Your obedient Servant, 

-H. GOODWYN, Lwut-Cohnely 
Superintending EngmeeVy S. J?, Provinces. 


REPORT ON THE SURVEY AND LEVELS TAKEN IN THE 
COUNTRY SITUATED BETWEEN THE DAMOODAH AND 
ROOPNARAIN RIVERS, 1852-53. 

Extent and Boundaries — The whole tract surveyed and levelled 
in the cold season 1852-53, in extent 1,400 square miles, and situated 
on the southern portion of the Burdwan division m Bengal, is bounded 
on the North and East by the Damoodah River, on the South by a cross- 
Ime from Omptah, on the left bank of the Damoodah (aligned on Midna- 
pore) to Bathara on left bank of Roopnarain River, and on the South-west 
and West by the Dalkissore or Roopnarain River, and a cross-line from 
Fanchpara on the right bank of Damoodah (20 miles West of Burdwan) 
runnmg m a southerly direction to Jaguldeep on tlie left bank of the 
Dalkissore River. 
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Tins tract was divided into tliree portions. 

No. I. containing 400 square miles, extends East from the cross-line 
between Panchpara and Jaguldoep to the Bnrdwan and Midnapore road, 
which, starting from Bnrdwan in a southerly direction, crosses the 
Dalkissore Rivor at Aclochy. This part was surveyed and levelled by 
Lieutenant Stewart, Bengal Engineers. 

No IL contammg 600 square mdes, bxtends East and South from 
the Bnrdwan and Midnapore road to the Calcutta and Bancoorah road, 
wluch croBsmg the Damoodah River at Serampore runs in a westerly 
direction to Johanabad on the Dalkissore River. This part was allotted 
to Lieutenant R. dc Bourbel, Bengal Engineers. 

No. IIL contammg 400 square miles, extends South from the Cal- 
cutta and Bancoorah road to the cross-lme between Omptah and Bathara 
This part was surveyed and levelled by Mr. Nield, Smveyor 

Geological Formation. — ^The large bed of gneiss in Bengal 
appears to tenmnate near the cross-line between Panchpara and Jugul- 
deep, thence the whole tract consists of an alluvial deposit with a subsoil 
of tenacious clay mixed with large quantities of ghooting, varymg in 
thiikness from 10 to 30 feet, with a slight dip to the South-east, 
beneath this is found green sand or other diluvial deposit. 

Cultivation. — ^The bonks of the Damoodah and Dalkissore Rivers 
yield 111 great quantity and perfection, mdigo, tobacco, potatoes, mulber- 
ries, plantains, melons and various kmds of fruit trees. 

In portion No. 1., rice of a moderate quality is produced, and la No. II 
and upper part of No. III., nee and sugar of the finest quality are 
obtained, owing m great measure to the retention of water by the 
tenacious subsoil, and to this cause, together with the want of natural 
dramage, may bo ascribed the existence of extensive swamps and marshes 
m the lower part of No. III. portion, wliich, however, yields m the hot 
weather the finest pasturage. 

Aspect and condition of the Country. — The traces of numer- 
ous fine roads, the rums of large villages, and also houses, the fine 
temples still existing, and pnncipally the enormous tanks, tlie remains 
of which may be still observed, all attest the former traffic, wealth, and 
prosperity of the people of this distnct. It contams still many populous 
villages, the most considerable of which are, vnz.y 

In No. I. Kistcnugnur, Balsee, Indoss, Soonda and Kundghose 
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In No. II. Royna, Kytee Chnndoor, Jehanabad^ where a Deputy 
Magistrate resides^ Myapore^ where great quantity of silk cloth is manu- 
factured 5 Kesubpore^ Moloepore, Gothan, Bangamara and Sadepore. 

And m No. III. Balee, Ghosepore, Guttal, Joypore, Durgapore, 
Kishnuggu% Khanakool and Omptali. 

In consequence of the inundations which have spread over the country 
from the breaches m the embankments on the right bank of Damoodah 
river, large tracts of land (total extent 60 square miles,) are now unculti- 
vated and lymg waste, and in the lower part of No. III. portion extensive 
marshes are formed, whereby land is much deteriorated and is reduced 
from 80 to 95 per cent of its value. 

The population of the whole district maybe taken at 1,20,000 inhabitants. 

The prmcipal roads are, Calcutta and Bancoorah road All these 

Burdwan and Midnapore, » roads much 

Ditto and Myapore, „ >dilapidated, m 

Ditto and Jamalpore, „ many cases so 

Ditto and Jehanabad, „ J encroached 

upon by the zemindars, as to be reduced to the smgle hmid of a rice held. 

The Calcutta and Bancoorah road is now being repaiied by the Deputy 
Magistiate of Jehanabad. 

Levels of this District as compared with the beds of 
THE Damoodah and Roopnarain Rivers. 

In order to ascertain the levels of this district, cross-hues, about seven 
miles apart, were taken from the Damoodali to the Dalkissore or 
Roopnarain river, and longitudinal hnes six [miles apart wei e taken on 
and paiallcl to the banks of these two rivers At every point of intersection 
pucca bench marks ha\e been kept and noted down taking the low 
water mark of the river Ilooghly* at 100 feet for a datum level. 

' Damoodah River. 

In annexed plan tliis river begins about 20 miles West of Burdwan, 
runnmg due East for 34 miles, averaging one mile m width, with a fall of 
1 3 [2 3 ?] feet per mile. When meeting higher ground, or owing to some 
geological feature, its course turns to the South for 56 miles, averaging 
half mile m width or even Jess, with a fall of I'l feet per mile. The 
a - 

* This IS a mistake The datum is that of Xaout. Picle and Johnston’s Survey, the top 
step of the ghaut at Bydabattec, 20 4 feet above low water 

K 
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banks of tliis river average ten feet in height, (at Omptah they are 15 
feet,) the floods rise from 14 to 16 feet above the level of the dry 
weather stream, and the tide runs up to a little above Omptah. 


The Dalkissohe oe Roopnaeain Rivee. • 

In annexed plan the DaUdssore nver runs from Jaguldeep with a very 
winding course towards the South-east for 22 miles, averaging lialf a 
mile 111 widtli, witli a fall of 2 2 feet per mile. When turning South and 
changing its name to that of Roopnarain^ it rims for 24 miles, averaging a 
quaiter of a mile m width, with a fall of 1*3 feet per mile. 

The banks of this river are 19 feet high, the floods rise from 14 to 16 
feet m height, and the tide runs up 20 miles above Bathara. 

The right bank of the Damoodah nver is a few feet above tlio level 
of the tract m its viomity, from thence the ground rises towards the 
interior, forming a ridge situated midway between the two rivers, and 
afterwards falls gradually to the left bank of the Dalkissore river. 

This ridge at the West end of the survey is 43 feet above the bed 
of the Damoodah and 68 feet above the bed of the Dalkissore, making 
a difierence of 25 feet between the levels of the two rivers. At the 
Buidwan and Midnaporc road, it is 21 feet above the bed of the 
Damoodah and 68 feet above the bed of the Dalkissore, thus giving a 
difference of 28 feet between the two nvers. From this point the iidge 
may bo said to terminate and the country giadually falls, till on the 
Calcutta and Bancoorah road, it is only ten feet above the beds of the 
two rivers which here arc on the same level owing to the Damoodah 
traversmg 50 miles while the Dalkissore only flows ten miles of its course. 

Below this road the country is flat, and at the ctoss-line between Omptah 
and Gopeegungc it is five feet higher than the bed of the Damoodali 
river, which at this point is four feet higher than the bed of the Roopnarain. 

Natural Drainage Channels. — Li the low tract five miles iii 
wiilth situated in the vicinity of the right bank of the Damoodah there 
are several nullahs, some of which are large and deep, especially the 
Bachoordah and Smgar Khals These flow down this tract in a course 
parallel to the Damoodah as far as the Calcutta and Bancoorali road, 
where being joined by the Canna Nuddee and the Moondasuree Khal, the 
former of which flows from the Dalkissore river below Chandoor, and 
the latter (having its source at the termmation of the ridge near Ochallun 
on the Burdwan and Midnaporc road) flows m a South-easterly direction. 
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tliey sproad themselves like a net-work over the country, and for want 
of a sufficient fall to carry off the water they form in great measure those 
extensive marshes situated at the South end of the survey. 

Were the floods of the Damoodah to range freely over the whole of 
this district the water would flow down the above tract (this has always 
been the case when breaches have occurred) as far as the Calcutta and 
Bancoorah road, when it would spread itself unchecked over the whole 
country (an extent of 400 square miles) and then finally after filling up 
all the hollows would pass mto the Roopnaram. 


Embanked Roadway from Omptah to BAxnARA. 

Previous to any embankment being raised it is obvious that the 
extensive marshes on the proposed line must be well drained, tlus can 
be effected by surface drainmg into the Roopnaram river alone, but 
w'ould involve an expenditure of not less than Rupees 50,000. Deep drain- 
ing might be resorted to with advantage by sinking deep shafts or boring 
through the tenacious clay (forming the subsoil) into the bed of sand 
beneath, which if not already saturated would dram off the whole of 
this district m a very short time. 

The expense of constructing this embanked roadway 30 feet bioad, 
aveiage height 18 feet, and slopes 5 to 1, would be Rupees 15,000 a mile, 
making a total of Rupees 1,50,000. 

An embankment constructed midway between the two rivers and 
parallel to their course, if carried up to tho Burdwan and Midnapoie 
road, would bo 40 miles in length, its height would average 10 feet, 
breadth at top six feet, and slopes 5 to 1, and cost Rupees 6,000 per mile. 
But as the Dalkissorc River as far as 12 miles below Jehanabad does 
not overflow its banks, except in very high floods (the last of which took 
place in 1830, when the combined floods of the Damoodah and the 
Dalkissore swept over the whole district below the Burdwan and Midna- 
porc road) this embankment if constructed w'ould have only to festram 
the floods of the Damoodah, thereby causmg this nver to form a new 
course which would pass down the low tract through which the 
Bachoordah and Smgar Ehals now flow. 

This new course would act as an escape to the Damoodah, and were 
this the purpose in view together with the protection of the Mundleghat 
estates, numerous cuts might be excavated to carry off the waters of the 
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Damoodah into tha above khals, th^ vbole to fall into a canal carried 
(in a South-west direction) in continuation of the Damoodah Khal (which 
flows from the Damoodah River at Gtoloh) to join the Canna Nuddee at 
Paluspai, and thence to flow int? the Roopnarain below Maralhana, (this 
would only give an excavation of four miles to jom the Damoodah Khal 
and Canna Kuddee) the whole length of the canal would be 18 miles, with 
a fall of 1 3 feet per mile, and if an embankment 16 feet high, with slopes 
5 and 3 to 1 and ten feet broad at top, were raised on the South side of 
the canal, it would cfiectually protect the Mundleghat estates, from bemg 
flooded. 

This however is only one of the grea? number of escapes that could bo 
formed to carry off" the waters of the Damoodah into the Roopnaram by 
takmg advantage of the numerous khals which he to the South of the 
Calcutta and Bancoorah road, and giving to every canal a South-west 
direction in order to secure a sufliuent fall. 

Whatever effect these canals may have in reducmg,the floods of the 
Damoodah and mcreasmg those of the Roopnaram, one great advantage 
would accrue to tlie people of tlus lower district, that of thoroughly 
drauung the whole tract, and thereby enablmg the mhabitants to cultivate 
it, and to restore to the land its former value. 

R. De BOURBEL, Lieutenant, 

Offijciatmg Ex-Engineer, 17^/t Dimstm. 

Bubdwan, 9th July 1853. 


Mxmobandvm on thb Subvbt of the Damoodah and Question of the 
abandonment of Bunds on the Right Bank to accompany the 
Map beceived with Superintending Engineer South-Eastern 
Province’s Letter No 1473 of 13th July 1853. 

L Capacity of the Damoodah Channel. 

The Board have for some time been in possession of a set of transverse 
Sections of the upper parts of the Damoodah Channel (m the Burdwan 
District) taken by Lieut. Russell, and more recently a set taken lower 
down the stream was furnished by Lieut. Colonel Gtoodwyn with his 
Inspection Report dated lOfli February 1853. These Sections mdicato 
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a gradual diminutloii of capacity of iibe channel in proceeding from the 
high to the low lands,* but as there was no line of levels down the stream, 
the declivity of the river’s lied could not be stated with certainty, and 
therefore the capacity of the channel to carry off the floods remained 
m some degree undetermined. 

2. The information wanting has now been supphed in the survey 
before the Board, and the Section down the stream of the Dainoodah 
will be found amongst the sheets of Sections which have been compiled 
from the survey. Two cross Sections of the lower part of the river have 
also been obtained from the Surveyor Mr. Nicld, and added to the papers. 

3. In calculating the quantity of water passed off by the nver channel 
at the points where the Sections have been taken, the velocity of the 
stream has been determined by the formula of Eytelwem, which is that 
generally preferred for application to the movement of large bodies of 
water, namely — 

If f be the fall of the stream in feet per mile, 

rf, the hydraulic mean depth (or fraction 

area of transverse Section \ « , 

. I ifi iGCt* 

length of line oi contact with water/ 


(The geometrical mean depth has been used m this paper as suffici- 
ently acciuate for chaimels generally of great width) 
u, the mean velocity m feet per second, 
then 

V = -h \/ 'ifd 

4. In the followmg table of results the fall per mile” has been cal- 
culated from the nearest levels of the bed of the channel on the longitudi- 
nal Section above adverted to. 

5. The "mean depth” and "area” are taken with reference to assumed 
flood levels, which aie indicated on the transverse Sections as well as on the 
longitudinal Section. The assumptions are made from comparison with the 
height of the bunds, with the flood-lovel of Colonel Goodwyn’s Sections 
(ascertained as nearly as possble from inquiry on the spot), and from the 
old Sections by Captain de Bade, and the account of the flood of 1840 in 
Captain Fmnis’s Journal, and from the Sections given m Colonel Sage’s 
Iiispecuon Report after the flood of 1845. 


* Sec also Major Baker’s Memorandum, page 88, para, 19, SellctLOUS, Bengal Go\ern- 
ment Becord, 9o. XIL 
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Buddye Nullah,) 


16J 

13,398 

103,917 

7 74 

25 

56 

581,935 

3 

Ditto ditto No 3 at Bu- i 
gubpore, * | 


6J 

6,910 

81,631 

118 

195 

Cl 

497,949 

4 

Lieut-Col Goodwyn’s, 
No 2, Burdwan,... . 


0 

4,950 

49,624 

10 0 

16 


253,082 



below 







5 

No 3,Selalpore, 

12 


28,716 

95 

21 


163,681 

6 

No 5, Culna, . 

19^ 

975 

16,439 

16 9 

22 


126,578 

7 

No 7, Santosporc, 

30 

1,005 

18,719 

18 6 

10 


102,954 

8 

Mr Niold’sNo l,Seram- 
poro, 


35 


21,186 

10 3 

12 


95,237 

9 

No 2, Omptah, 

55} 

2,220 

22,505 

10 1 

07 

38 

76,519 


N B — At Omptah the river begins to be tidal, the tide at spi mg raising the dry season 
stream about 1 or IJ feet The level of this rise being still 14^ feet below the surface 
level in floods, it is not supposed that the tides will affect the flood stream at Omptah 
below the channel is more capacious 


6. From tlus table it appears that tbc maximum flood discharp;e of 
the Damoodah is about 600,000 cubic feet jwr second m the upper part 
of the river, a result which very nearly agrees with Major Baker’s 
calculation* &om the probable effect of a heavy fall of ram. He reckoned 
upon 645,833 cubic feet per second. 

7. As tlio stream proceeds on its course, it farther appears that the 
capacity of the channel diminishes, and by the time it reaches Omptah 
iho river will not carry off much more than one-eighth part of the water 
wliich flows from above. 


« 

* Sdections Becords Bengal Government, No. XII page 85. * 
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8. This shows the insufficiency of the Damoodah as a channel for 
carrying off heavy floods. Considering it as a basin for receiving them 
its content will be found as follows : — 


Mdes. Areas tn feet 

Between Section 1 and 2 — 5^ x 83,393 + 103,917 

• 2 

2 and 3 - 10 x 103,917 + 81,631 

2 

3 and 4 — 6i x 81,631 + 49,624 


Products, 

520,602 

927,740 

426,530 


4 and 5 — 12 x 

5 and 6 — 7i x 

6 and 7 — lOJ x 

7 and 8 — 5 x 

8 and 9 — 20^ x 


49,624 + 28,716 ^ 470,040 

2 

28, 716 + 16,493 _ 169,751 

2 

16,439 + 18,719 ^ 185,104 

2 

18,719 + 21,1862_ 99,763 

2 

21,186 + 22,506 _ 447,832 

2 

3,247,412 


3,247,412 X 5)280 = 16,988,035,360 cubic feet or equal to 8 hours’ 
discharge of 600,000 cubic feet per second 

9. full allowance for the errors to which inferences based on 

calculations of tins nature are liable, these figures appear to authorize 
the conclusion that the Damoodah Channel filled up to the top of the 
bunds* will not contain more than 9 oi 10 hours’ discharge of its heaviest 
floods, and that when full the lower pait of the channel will notcairy 
oft’ more than one-sixth pait of what flows in from above. It follows 
tliat if a full flood last more than 9 or 10 hours the bunds must be 
topped and burst, and that the maintenance of complete lines of bunds 
on their present sites and of their present dimensions durmg heavy floods 
IS impossible. 

IL Cmipanson of theforepotnp Results with the aceownt of tiw great flood 

^ 1840 , ^c. 


No breach is recorded by Captam Finnis to have occurred m 
1840 above Siugutgolah. It may be 
assumed therefore that the floodb m the 


10 . 


12 miles above Burdwaii 


^ Vide flood Imeii ou trobs Sections 
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18 miles above Burdwan 


8 miles above Burdwan 


upper part of the river did not top the bunds. In assuming the flood 

level of the first Section level with the 
23j miles above Burdwan n i w i 

top 01 the bunds a full maxnnuiu has 

been allowed for the flood discharge. 

11. The second Section still allows the 

18 miles above Burdwan n n n i i i i 

lull flood to pasSj and is also above any 

recorded breach. 

, , , 12. Going on to the third Section at 

8 miles above Burdwan -n i T n i i i 

Rugubpoic the flood discharge is found to 

be reduced by about 100,000 cubic feet per second, and accordingly it 

IS recojxled that in 1840, 18 breaches occurred just above the third 

Section, althougli the bunds on the right bank are not continuous 

13. At the fourth Section, opposite Burdwan, the discharge of the 

channel is further reduced by 250,000 cubic Icet per second, and in 

1840, 27 bleaches occurred between Rugubpore and Buidwan, notwitli- 

standing that the bunds on the right bank aie discontinuous and weak 

in section. 


14. Between Burdwan and Selalporc, the discharge of the channel 
reduces by 90,000 cubic feet per second, and m 1840, 32 bi caches 
occurred heie. 


15. The channel further reduces by the capacity to discharge 37,000 
cubic feet per second between this and Culna, and seven breaches 
occurred ui the intermediate space, the head of the Ganna Nuddee also 
being there, but on the Nuddee head there appears to have been not 
more than li or 2 feet of water. 

16. Between Culna and Santospore, the channel diminishes by the 
capacity to discharge 24,000 cubic feet per second. In this part occurred 
only the gieat breacli at Bungamara, said at one time to have cairied off 
as much water as the river itself. 


17. From this to Serampore were four breaches ; it will be seen that 
the Sections show a diminution of only 7,700 cubic feet in the di&chai’ge 
of the cliannel 


18. Between Serampore and Omptah, the channel diminishes by the 
capacity to discharge 19,000 cubic feet per second, and 28 breaches are 
recorded in this part in 1840, all about (above and below) the head 
of the Damoodah Khal. 


19. Making allowance for the occurrence of many breaches, merely 
from defects m the bunds, this comparison appears sufficiently to indicate 
that the breaching of the bunds m 1840 was prmcipally due to die 
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diminution of the capacity of the Damoodah channel in passing from 
Stingutgolah to Omptah, and that tins dimmution is on the whole correctly 
shown by the foregoing calculations. 

20. Tliere is not a complete list of the breaches of the flood of 1845 
in the Oflice, but it seems from the reports that in that year more 
breaches took place above Joojooty, and some even up to the highest 
Section of Lieut. Russell’s survey, but the flood was not so high as the 
bunds at the points where the Sections are taken. 

IIL On the nse of the DamoodcJi b&L 

21. The first two cross Sections of the country show that the Da- 
moodah in that part of its eburse, so far as the right bank is concerned, 
occupies the lowest part of the country through which it flows, and 
excepting the low land between the river and Buddye Nullah, would not 
flood the country to any considerable extent, even if there were no bunds. 

22. At Joojooty and Burdwan the Sections show that much of the 
country would, but for bunds, be inundated m high floods, but still the 
river channel is so situated that the water would return quickly to it on 
the cessation of the floods. This does not hold good of the left bank. 
The country on that side is lower than the river from Joojooty down- 
wards, and all flood-water escaping on the left passes down the Banka 
Nullah and never returns to the Damoodah. 

23. Below Burdwan, on the right bank, the relative levels of the 
country and river change. Tlie lowest land on the Futtehpore and 
Sanipore Sections is not five feet above the bottom of the Damoodah 
channel. On the Bistoporc and Calcapore Sections the difference is greatei , 
bemg 8 and 7 feet, but below these, the lowest pomt of the country is 
very little, and in some places not at all, raised above the bed of the iiver. 

24. In the lower part of its course, 'where the channel is narrow, the 
river bed appears to have risen greatly since the stream first occupied 
its present course. 

25. No rise of the bed, however, can be ascertained to have taken 
place of late years. 

The Section, taken by the late Captain De Bude at Burdwan in 1837, 
shows precisely the same maximum and mean depth as the present 
Section, measuring the flood-nse from the level of the ground at the 
same distance m both Sections from the river’s bank. The Section taken 
at Gulna, shows that the mean depth of the river at that place has in« 
creased by about three feet, the maximum depth remaining the same. 

L 
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This shows no but oir fiie contrary a scourmg out of the ^iver bed. 
The Section taken at Bunganiara is not sufficiently near to any of the 
recent Sections to admit of companson. 

26. It must, however, be remarked that the ground mside (on the 
land side) of the bunds, from which the'’ heights are measured, 3 or 400 
feet from the bank of the river, appears to have risen (with the bed of the 
nver) as it is stated to have done m Mr. Drummond’s report* The 
bench marks of the Sections should have been accurately descnbed to 
make a satisfactory future comparison possible. 

27. It IS further to be noticed that the Canna Nuddee, which formerly 
carried of a large portion of the floods, has for some years been silted up, 
and has been dammed across lately. And lower down, near Seranqpore, too, 
a change has taken place. The present channel of the Damoodah was 
called the Biscallee River, and what is now called the Damoodah Klial 
was the Damoodah River. At the time of Captam Bell’s inspection in 
1835*36, the Biscallee was the largest river of the two. Now it is the 
main stream and the former Damoodah is a mere khal. 

28. These variations appear to point out that the deepenmg of the 
channel at Culna, (perhaps also at Bungomara) may bo the temporary 
effect of other changes. 

29 There are no copies m the Office of the Sections quoted m the 
printed report of the Embankment Comimttee of 1846, and the statements 
iliere are not sufficiently precise to admit ol comparison witli the present 
survey. 

IV. Statement of the proposal tolmprofoe tli£ Damoodah by chsrny in the 
bunds and so increasing the scour. 

30. The velocity with which water flows is known to depend equally 
(or nearly equally) upon the rate of declivity of the stream and its mean 
Idepth. 

31. From the way in which the plains have been formed by the 
degradation of the high lands, principally by means of the flow of rain- 
water into the sea, the land has generally a greater declivity in its up- 
per parts than towards the sea. This variation in the rate of declivity 
is generally shared by the rivers, which consequently have a more rapid 
fall in the upper, than in the lower parts of their courses. Hence the velo- 
city of rivers, if they do not increase m depth as they flow towards the 
sea, must suffer more or less gradual dimmution ; and as the velocity (other 


* l^wra. S, page 24» of the No of the Selections, Bengal Govemment 



( 75 ) 


things being equal*) determines the quantity of^ suspended matter the 
water carries^ rivers which do not mcreese in depth in proportion to their 
decrease in declivity must deposit the matter which their impetus is no 
longer sufficient to carry forward in those parts of their beds where the 
reduction of velocity takes plane, and the beds will therefore rise. • 

32. But on the other hand, if the depth increases as the declivity 
is reduced, the velocity may remain the same, and, for so much of 
its course as this relation holds, the stream will carry off all the 
suspended matter, and the bed will not nse because there will be 
no deposit to raise it Such a state of things, however, cannot be per- 
manent The suspended matter will be finally earned out and de- 
posited at the mouth of the river, it will gradually form new land 
there, and lengthen the river’s course, without increasing the differ- 
ence of level between the highest and lowest parts of the channel ; 
and increase of length without proportional increase of height or depth 
IS reduction m declivity. All river beds therefore must ultimately rise, 
though the process may, m some cases in which the mean depth and 
declivity have once been adjusted to an uniform velocity, or to a vaiiable 
velocity adapted to the nature of the s^ in different paits of the stream, 
be exceedingly slow ; so that except m particular parts of the stream it 
is luiimportant in Engmeerihg operations. 

33 From these principles it follows, that a river having a nearly 
uniform width, and receiving tributaries as it proceeds on its course, 
may, although its rate of declivity is constantly on the decrease, yet have 
its mean depth from time to time so augmented by the accession of the 
waters of the tributary streams, that its velocity may not be materially 
altered, and thus the circumstance of the accession of tributaries is found, 
in some cases, to obviate the tendency of a river’s bed to rise, except by 
virtue of the slow lengthening of its course before spoken of. 

34. Copying from Nature the Italian Engineers have by uniting 
streams hindered the rise of the beds of some of their rivers. On the 
same principles also, rivers have been improved, and the nse of their beds 
not only prevented but their channels scoured out and deepened by 
restrictmg their width, and so mcreasing their mean depth and conse- 
quently their velocity. 

35. It is by tlus process that the Superintendmg Engineer South- 
Eastern Provinces proposes to improve the channel of the Damoodah 
so as to enable it to contam and carry off the floods between its embank- 


* The effect of the nature of the soil is not for the preaint taken into consideration. 
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ments. The instances he quotes show that such a mode of proceeding 
has been very advantageous m many cases. Perhaps the most stribiig 
instance of the efficacy of such measures is the Olyde^ which 100 years 
ago had in some places below Glasgow a depth of less than two feet at 
low water in the summer 3 while now vessels drawing 18 and 19 feet of 
water pass up and down the river at all seasons, and a depth of 10 feet 
at low water is ^lamtamed throughout* Tlus improvement, however, 
was partly brought about by dredgmg. (See a recent No. of Civil 
Engineer and Architect’s Journal.) 

36. The effect of an increased scour however is not always to improve 
a stream for navigation. D’Aubmsson mentions the case of the Robine 
canal near Narbonne which was originally made, purposely, with great 
-windmgs and very small declivity, in order that it might have a slack 
current and deep water for the purpose of easy navigation up and down 
stream. Not perceiving the object of the windings, some persons after- 
wards proposed and earned out a straightening of the channel with the 
view of shortening the navigation This of course increased the declivity 
and the velocity of the stream, and the consequence was, that it became 
necessary to increase the supply of water and to establish locks to retain 
the canal sufficiently deep for navigation. This instance is not m point 
m the present case, (where the object is to mcrease the discharge, not the 
depth of water) except as showing the necessity in all such operations of 
attending to the declivity of the channel as well as its shape of section. 

37. The Western Jumna Canal appears to be a case more in point. 
Its fall is pretty uniform, and the supply of water has been increased 
by about five times since 1829. The result of this enormous mcrease of 
volume (and of mean depth) has not been to scour the bed, for the founda- 
tions of the bridges remam undisturbed. It has raised the surface level of 
the water five or six feet, and in many places the bed also has risen. The 
deposit of silt in the channel has to be met by frequent clearances, as 
the Board are aware. In an irrigation canal, however, in which the 
water is constantly drawn off for the use of the crops, we have a case 
opposite to that of a river receiving tributaries in which the volume of 
water is constantly increased. The deposit of silt would probably be 
prevented if the declivity of the channel were made to increase in 


* Tho improvcnKMit uf Uig Clyde however wluch it has taken 100 years to efifect, is but 
a smaU task coniparod with tho improvemont of the Damoodah, whioh is three times the 
length and drains ei^^ht times the area, and wliith discharges in great floods eighteen 
tildes as much water per setoii<h|is the Clyde m its highest spates. 
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proportion as the volume of water^ or rather the mean depth, siifiered 
dimmution. For the Damoodah, however, this instance is very, much to 
the point, for the channel of this river has been shown to contract greatly 
m proceeding from Joojooty downwards. The instance at least shows that 
increase of voiume of discharge or mean depth will not produce a scour 
when applied to cases in which other circumstances are unfavourable. 

38. Another excellent lesson on this subject is afforded by the 
Eastern Jumna Canal.* As origmally re-constructed, it had a greater 
slope in its upper parts, m a portion of which it flows through a hght sandy 
soil, than in its middle part A scour consequently took place m the 
upper portion, which carried down sand and silt which was deposited in 
the central portion of the canal where the slope was less, and so the 
bed of the canal was raised to such a degree that unhealthy swamps 
were formed by the percolation of water through the embankments. The 
remedy applied by Colonel Cautley was to reduce the declivity m the 
uppei part by constructing masonry falls (by which the slope was cut 
down into steps) and when this had been done, the rising of the bed of the 
central portion of the canal ceased, and the excess of silt even gradually 
disappeared from many portions*of the channel. This case shows that 
it IS not enough m designing plans for the improvement of water-courses 
to consider the slope of the Section of channel and the declivity merely 
for the portion to be operated upon, but that remedies must be applied 
with reference to the soil and declivity of the channel above. 

39. Besides the circumstances brought forward m these cases, there 
IS t:o be considered the effect of that very important feature m the 
Damoodab, its liability to violent floods and the very small discharge 
of water it has in the dry season, which circumstances are due to t]je 
river being supphed almost entirely by surface diamage. After heavy 
falls of ram, it rapidly fills with water turbid with the matter swept off 
the high land drained into it With the subsidmg floods much of the 
solid matter is deposited as the current slackens, and after the rainy 
season is over no sufHcient discharge of clear water remains to remove 
the deposits which the floods have brought down. It seems therefore that 
a river subject to such floods as the Damoodah is, requires on this 
account different treatment from what would answer in more unifoim 
streams, to prevent a rise of the bed, if mdeed it can be prevented at all. 

40. Before considering any further the projects for improving the 
Damoodah, or mitigating the damage done by its floods, it seems therefore 


See Lieult Mortou’s Printed Memorsnduau. 
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necessary to enter fully upon tlie circumstances of this nver m all its 
parts m regard to its declivity, the soil of its bed, and the source of its 
supply, and the effect of these on tlie section and capacity of its channel. 
And ffrst it may be well to state in general terms the different actions to 
whiph river channels are subject 

K Some General Consideration of the Action of Water on the noil of its 

Channel. 

41 If water be poured out upon the surface of a country having 
more or less declivity, one of three cases must happen. 

I. The declivity may be such that the velocity produced will be sufficient 
to stir up the soil in every part touched by the water. In this case the 
quantity of earthy matter taken up by the water, where it is in contact 
vyitli the soil, will be so great as to impair itS fluidity. Its movement 
will therefore be retarded by this cause in addition to the friction of the 
bed. If the depth of water be gieat, the friction of the bed will be a 
small cause of lesistance compared with the working up of the soil If 
the depth be exceedingly small, the working up of the soil will be a 
tfifling resistance compared with the friction of the bed Either cause 
of resistance carried to extremity would stop the current, and it 
follows that there must bo between the two extremes a certain depth 
of water at which the combined eftect of the two sources of resistance 
will be a minimum This depth the stream will assume in virtue of the 
mechanical law of least resistance. ^ 

42. The form of least resistance once assumed, if the dechvity of 
the stream be increased, the velocity will increase also, and will augment 
t£e stirring action on the soil. The relation of least resistance will thus 
be disturbed, and a preponderance given to the stirring action, the in- 
crement of which will therefore gradually reduce to a certain extent in 
consequence of a corresponding inciement of the friction, that is by a 
reduction in depth. 

43. Wlien the current is strong enough to stir the soil, therefore, 
increase m the declivity of the stream causes a reduction in depth and 
consequently increase m width. 

44. The consequence, m rivers, of great dechvity relatively to the 
power of the soil to withstand scour is therefore a wide and comparatively 
shallow channel. 

45. This IS not meant to account altogether for the wide and shallow 
channels as they appear when empty after a flood has ceased, for in that 
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state their depth has been still further reduced by the deposit the flood 
leaves in subsiding. The actual channel afforded to a second flood of 
equal strength will be of the depth to which the former flood stirred the 
soil. Tfie particles deposited by the first fiood will be stirred up by 
the second^ and earned (aceording to their weight, and the duration of 
tlie flood) so many yards or miles down the stream, and when the second 
flood subsides these particles will be deposited at the points to which 
they have been carried, and the places they occupied at the cessation 
of the first flood, will be filled by other particles from above. 

46. II. The declivity may be such that the water shall only acquire 
velocity enough to scour out the soil in its deepest parts. The deep parts 
will therefore be cut away and a well-defined channel formed, but m 
this channel the water will have velocity enough to scour (though it wm 
not generally become so turbid as to impair its fluidity) and will cut 
away the sides and bottom of the channel, and acting unequally on the 
former, will create bends which will lengthen the course and so reduce 
the declivity of the channel, till the velocity ceases to be suflicient to 
cause a scour and the stream acquires its regimen 

Atl. The scour will have acted both on the bottom and sides, and, 
when it ceases, the bottom will generally be less easy of corosion than 
the sides, because of the lighter particles having been carried away, and 
the remaiiiing soil consisting therefore of heavier particles retained in 
their place by their full force of gravity, while the sides, from which the 
lighter particles have been carried away, and the heavier fallen to the 
bottom, will consist of tlie usual size of particles set at a slope, and so not 
retained m their places by the full force of gravity. But the velocity on 
each part of the channel bed being greater where the depth is greater, 
the sides will be less acted on than the bottom, and a permanent shape 
of channel will be obtained as soon^as the scour on each part has become 
uo greater than each can resist without change. It follows that there is 
a regimen of Section of channel for every volume of water discharged 
^ ^ , in a given time with a given declivity of 

D’Aubmsson Tte d’Hydraulique, p ® i i i i i i 

i6i« para. 136, and p 163, para, bed over each particular kmd of soil, which 

regimen mcludes a particular r^atbn of 
breadth to depth in the form of stabdity of channel. 

48. The regimen of width and depth of a river is subject to great 
variation in different parts of its course, from the nature of the soil it 
passes over. When it has acquired a regimen after scourmg the finer 
particles out of a diluvial soil full flf pebbles or coarse particles (which 
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latter will remain at the bottom and make it more difficult to scour than the 
sides,) the regimen will be of great width m proportion to the depth. On 
the contraiy in passing through an alluvial soil having not only an uni- 
form composition of fine particles, but a degree of plasticity, so that a 
considerable scour is necessary to detach particles from the bed, and but 
little to remove them when detached, the scour will take place to a 
greater degree at the bottom, and the channel will be comparatively deep 
and narrow.* * 

49. In subsiding from a state of flood, a river often passes from the 
first to the second " case ” of action on the soil of its bed. The matter 
which was stirred up all over the bed in the times of most violent action, 
is deposited when the nver falls, and through this deposit the reduce flood- 
^ream cuts a defined channel and make^ its pools and bends as above 
described. 

50. A river passes in another sense from the first to the second case 
of action when it changes ita declivity or the nature of its bed m pro- 
ceeding down its course. The current is then not capable of carrying 
on all the matter jnoved forward by the stream above the place of change, 
and yet has some Scouring action on its bed. The bed therefore rises and 
the winding of the stream is accelerated by deposits taking place on the 
concave sides of its bends, while a scour is going on on the convex sides. 

61. This may also happen when the degree of scour in a stream m its 
upper part^not so gieat as to assume the character of the first case re- 
duces slower down without altogether ceasing to act on the bed This was 
the case with the Eastern Jumna Canal above alluded to, with respect to 
which Lieutenant Morton states, that the deposit was so rapid that the 

, , greatest exertions on the part of the Super- 

Printed Memorandum, page 9 , , , . , 

intendent and'his Overseers in raising the 

" banks were scarcely adequate to keej pace with the rising bed.” 

52. III. The declivity may be so small that the w^ater shall have no 
power to scour the soil. The channel will consequently remam in the 
form given to it by the lowest part of the country and will be wide or 
deep according to the nature of the ground over which the water flows. 

53. This case corresponds to that of a river after it has acquired its 
regimen, and when a river has not acquired stability of bed for its highest 

* The fuHowing is from a note on Sherwill’s Geological Map, describing a bed of clay 
North of Maldah ** The bed of the Mohanuddy where it passes through the clay deposit, 
IS narrow and deep, not more than 50 yards broad. Upon leaving the day, the bed expands 
to 400 yards • 
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floods or for floods at all^ tliis case may correspond with its state when 
low. There is then often no sensible action on the bed. 

54. If a portion of nvcr channel in the state Case III. receive turbid 
water arising from a high velocity above, a deposit, will occur in 
consequent of the current being too feeble to carry forward the 
matter brought down. The current may be too feeble even to modify 
the process of deposit, which - in such a case will take place pretty 
uniformly over the bed, but most where there is most water. The 
bed will consequently become shallow and the water will spread 
out This IS an instance of a wide and shallow bed produced by a 
different cause to Case 1. In the first case the peculiarity arises from 
mobility of bed ; in the last from want of power to carry off deposit 

a river be too wide and shallow from the first cause, to increase the 
scour would mcrease the evil ; if the excessive width be owmg to the last 
cause, it would afford a remedy. 

55. Between the two extremes of violent scour as in Case I, and 
entire w ant of scour as in Case III, there must bo many gradations 
of exccssi\e and deficient action wluch may co-cxist with wide and 
shallow beds ; for each case a different course of procedure may be foimd 
the best to effect an improvement in the river. The following observa- 
tions by D’Aubui|son on this subject appear useful. (Traite page 212.) 

" The effects of the action of water are entirely different upon beds 
of different natures ; and works which produce a very marked effect 
" in one river or portion of nver, may have none upon another. For 
“ example, in the plains of Gascogny, where the rivers run witli a small 
declivity, over a very fine and moveable sand, M. Laval, by the aid of 
“ simple spurs of hurdle-work, between which he lays down pmes and 
other trees with their branches attached, has cut away and deepened at 
will the beds of these nvers; while on the Loire works of great solidity, 
“ as masonry-dikes^ transverse and submersible, (that is little raised 
" above the mean water level,) fixed to one bank and advanced to a 
" proper distance into the stream, have not been found to produce on the 
opposite bank any sufficient increase of depth for the purposes of naviga- 
tion : the deblai wluch they occasion at one point bemg often follow^ed 
by a remblai lower down the stream. As I have been led to speak of 
" works mtended to produce increased depth in rivers, I may remark 
that there is no certainty of effecting it but m restricting the current 
between two longitudinal embankments, either submersible or insubmer- 
sible, continuous, or formed of a succession of small lines leaving between 

M 
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" them intervals by which the water may pass in floods, in order to fill 
" up with silt the space between the dikes and the old bank of the 
^ river.” 

66 But to the improvement of river beds, for the purpose of navi- 
gation or to increase their discharging power, by the consiruction of 
embankments, there must be a limit It has been seen that for each 
volume of water discharged with each degree of declivity over each kind 
of soil, there exists a particular ratio of depth to width of channel which 
cannot be exceeded without infringing the stability of the river’s bed, and 
It follows that an increase of depth and decrease of width beyond this 
proportion will cause the water to act more on the sides than on the 
bottom. Consequently embankments made of the same substance as the 
bed of the river will not stand, if placed so close together as to cause the 
proportion of depth to width of channel to exceed the ratio of stability 

57. From this it further appears that for each volume of discharge 
to be carried at each rate of declivity over each kind of soil, the velocity 
of the stream cannot be increased by means of embankments of the same 
soil, beyond a certain limit. Hence if the river above be fully charged 
with earthy matter from a greater velocity, a deposit must take place 
within the embanked channel, and the embankmg will fail to prevent a use 
of the river’s bed. In such a case embankments can onlj^be effective when 
made of a substance on which the scour will not act, and when founded so 
deep below the bed of the river as not to be liable to be undermined 

68. The above appears all that it is necessary to state on the subject 
of width and depth of rivers. The following is concerning the scour and 
changes of declivity, and their effects on the successive portions of the 
channel. 

59. A stream uniformly in the state described as Case I, must always 
have its water highly charged with sohd matter, one uniformly in Case 

II, must have its water more or less charged, a third uniformly in Case 

III, will carry little or no sohd matter. 

60. These states will be assumed with different declivities for different 
kmds of soil. For mstance a river may uniformly continue in the state 
Case III, when its course begins with excessive declivity over hard rock 
and tlien passes over boulders or shmgle with reduced but still great 
declivity, after that over gravel with less declivity, then over sand with 
a slight fall, and finally over a light alluvial soil at a very small slope. 
This is the case of the regimen to which all rivers tend. It is frequently 
seen while a river retains only its ordmary discliarge of water W'hich 
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then is nearly clear throughout its course^ but m floods the adjustment 
of the volume of discharge to the bed no longer holds, an^ the bed is 
scoured and the water becomes turbid. 

61 In floods moreover, and in some cases when not m flood, rivers^ 
change their states in different parts of their course. The causes of such 
changes may be three. 

I. Change of volume of discharge, owing to the state of the weather 
or otherwise. 

II. Change m the nature of the soil. 

HI. Change m the rate of declivity. 

62. Change in volume of discharge has the effect of increasing the 
velocity with the increasing discharge, and reduemg it agam as the dis- 
charge reduces. The rising flood therefore scours and the subsiding 
flood deposits If this action be unaccompanied by other changes m the 
river, it produces no progressive effect It occasions the bed of the river 
always to be covered witli a certain quantity of deposit winch is carried 
away by every flood in rismg, and replaced by a similar quantity brought 
down from above when the flood subsides. 

63. Change of soil, unaccompanied by change of declivity, produces, 
as has been already shown, variations m their width and depth of channel. 
It also produces gradually changes in declivity, owing to light soils being 
scoured out and heavy firm soils resisting the scour, as will be mo?e 
fully stated below. 

64. Change of declivity in different parts of a river’s course may, as 
has already appeared, exist with a stable bed when the declivity is adapted 
to the soil , when it is not so changes occur of which the most important 
to the question in hand are as follows — 

65. When a stream descends from high land upon a sandy Country 
having a considerable declivity, it assumes the wide bed, and its waters 
are not only charged with suspended matter but push more or less of 
the soil in a semi-fluid slate ^long the bottom^ as shown in describing the 
kind of action referred to iu Case I. The slope of the country through 
which the river flows generally diminishes as it recedes from the hills 
The consequence is a reduction of velocity, (for it has been shown that 
a sandy bed will not allow of mcrease of depth) and a deposit of matter 
before moved along or held m suspension by the current. It will be 
useful to trace this process from the commencement in the case of a 
river flowing into the sea. 
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66 Supppsing the country in the first place to have a uniform slope 
from the hills^ the sea, and the soil to be uniform, the stream will carry 
down the whole of the mat- 


ter it holds m suspension or 
keeps in motion, and will 
deposit it in the sea round 
its mouth, till at length the 
deposit rises to the level of 
the high water, and forms 
new land as shown by the 
shaded part a £ m the diagram. 
Fig. 1 ; from aio b there- 
fore there will be formed 



a new portion of river chan- 
nel i\ith but little slope 
There will consequently be 
a cheek in the current at a, 
and a further deposit will form 
there as shown at c c? Fig. 2. 

Here it appears that between 
c and a the slope of the chaii- 
1^1 has been reduced, while 
between h and d it has been 5 

increased by this new de- 
posit. Wliile therefore this 
action occasions a further de- 
posit about e, a scour will be 
caused ^bout d, and the next 
phase the Section will exhi- 
bit will be such as Fig 3. 

The scour at d will form a 






new deposit about i, which 
will be continued upwards 
as before, so that the longitu- 
dinal Seebon of tfie river 
bed will take the form of a 



succession of waves, each of 
which will have a slow mo- 


tion up stream (Fig. 4). On 
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the whole the rate of declivity will gradually reduce in proceeding down 
stream, hut subject to the vaiiations caused by these waves m each 
particular portion. 

67. The progression of these waves of the bed up the river depends 
upon theu* receiving a deposit from the matter set in motion by the water 
on their up-stream or more horizontal sides while they ai'e scoured away 
on their down streams or steeper sides. It follows that as the upper portion 
of the stream approaches its regimen, having scoured out the greater 
portion of the moveable matter of its bod, the first wave of the bed will 
receive less matter from above than is cut away fiom below, and will gra- 
dually diminish m height as it proceeds up the nver and finally disappear, 
having in its progress on the whole slightly raised the concave portion of 
the curve of the longitudinal Section of the river’s bed So it will be with 
the other waves m succession, eac‘h proceeding less for up than its piedeces- 
sor, and by the time the iiver has by this means acqmred its regimen of 
dechvity, the waves Will be very small and will occur only near the sea 

68. But while the river is far from having attained its regimen, so 
that a wave of the bed may chance to receive a much larger accession 
of matter by deposit fiom above than was cut away from below, the use 
of the bed may be so great that the wave shall become more or less of 
a dam, and by nearly closing the channel, force the water over the sides 
upon the country. Tlie water so driven out of the channel will carry 
a great portion of the suspended matter with it, and so retard the deposit 
on the up-stream side of the bed wave, and delay its progress If the 
nature of the surface of the country be favoiable to such action, the 
water forced out of the old bed of the river may cut a new chaimel foi 
itself, in which case the old one will perhaps silt up, or it may laise the 
bank of the river gradually by depositing the suspended matter on the 
country right and left, till a sufficient height is gained to enable the 
stream to top the wave (which meanwliile will have been reduced by the 
scour from below) and the river will then resume its bed and the wave 
Its progress up the stream. A river thus nearly dammed up by the 
progress of such bed-waves, may form for itself two or three or more 
new channels. In each of these similar bed-waves will occur, and these 
in their progress may close the channels again and force the water to 
find others. This process is most frequently observed at all the mouths of 
large livers, such as the Ganges, &c. 

69. Advertmg to what has been already stated of the effect which 
the channel being cut thiough a homogenous alluvial sod will have 
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upon the widtli and depth of the bed, it will be found that the channels 
on the down-stream sides of these waves of nse in the bed will often be 
narrower and deeper than the channel above the wave. 

70. It also appears that Sections across river-beds taken with the 
view of ascertaming the fact of a rise in the bed, may give very conflicting 
results if taken without reference to the state of the wave of rise. A 
Section taken near the crest or valley of a wave compared with one 
taken some years after at the same place, may show neither rise nor fall. 
Another taken on the down-stream side of a wave may, on the same 
comparison, show a slight depression from the scour in progress there. 
A third taken on the up-stream side may show more or less of rise. 

71. The foregoing mvestigation appears sufficient to explain all the 
cases of rivers having a scour above, simply reducing m declivity as they 
flow towards the sea. But a river may increase in declivity or the scour 
may increase from other causes in a portion of it course, for instance in a 
rivei lunning over a hilly and high country Heavy falls of ram will 
cause all the tiibutary streamlets and even the lull sides to assume the 
state of scour desciibed as Cases I and II, and the tributaries will carry 
consequently solid matter mto the main stream, often increasing the action 
on their beds m pioceedmg down if they flow over light soil at a consi- 
derable declivity to meet the mam river, on joining which, owing to the 
increased volume and mean depth, oi perhaps also to the increased 
declivity of a rapid descent into the plains, none of the solid matter will 
be deposited, at least till the flood begins to subside It may be that no 
more will be taken up (except the deposit of foimer floods) in the part of 
the channel where the descent from the hills takes place, which having 
been so frequently scoured, will probably be left nearly clear of moveable 
particles ; but the matter brought down from the hills will be great and 
will be carried forward until it comes to the point where the excessive 
declivity of the descent from the lulls meets the more gradual slope of 
the plains. Here a deposit must take place either of shingle gravel or 
sand, or of all in succession, accordmg to the geological formation of the 
lull countiy. 

72. If the reduction of declivity from the lulls to the plains be abrupt, 
and the nature of the country such that the matter carried along by the 
water of the river shall be chiefly sand, there will be a heavy deposit of 
sand at the debouchure of the river from the hillj^ a»d tins deposit will 
form a sandy tract, having a considerable slope owing to its constantly 
receiving accessions from above while it is subjected to more or less of 
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scour from below, and must give rise to the state of channel in this part 
of the river described as Case I , the great width and small depth bemg 
further increased by the constant deposits from above. 

73* The river course below this must be subject to the waves of rise 
in the bed just described and all the constant changes they produce, 
and these peculiarities will be further developed if the lulls be steep and 
the country liable to heavy falls of ram. The waves of use m the bed 
will not, in such circumstances, reduce as they approach the hills in their 
upward course, but on the contrary will often increase, and if the features 
of the country do not restrict the action of tlie river it will, hf constant 
changes of its course, form a wide tract of sandy country round its 
debouchure from the lulls. 

74. To get rid of the deposit from the water of a river in such a 
state, it appears, from what has been already stated, that embankments, or 
increase of scour by increase of depth, will generally be inappbcable. 
The only other variable elements arc those already eiiumeiated. 

1 The volume of dischaige 

2 The soil of the bed. 

3 The declivity. 

75 The only artificial ways of decreasing the scour by operating 
on tlie volume of discharge are, (1) divei ting pait of the water to other 
channels, and (2) lioldmg back portion of the flood water m reservoirs, 
and letting it out ^hen the iivcr is low 

76 The soil of the bed of a river can only be changed for short 
lengths, so that this clement cannot be varied except m combination with 
the declivity, as will be stated presently 

77 The total fall from the souice of a river to the sea being invari- 
able, the rate of declivity can only bo reduced generally by mcrcasing 
the length of a river’s course by causing it to wind, but this is qmte out 
of our power for any large stream. Partial reductions of declivity may be 
made by increasing it in one place and reducing it in another, and 
an artificial bed being made where the declivity is increased, the effect will 
be to reduce the scour upon the natural bed where it is decreased. Thw 
is sometimes done on small rivers and frequently on canals of irrigation, 
by the formation of artificial rapids, or weirs, or falls, between winch the 
bed of the stream silts up to, or is retained at, a moderate dcchvity. 

78 Except under peculiarly favorable circumstances none of these 
methods are likely to be practicable on a large river. 
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VL On the state of the Damoodah Channel as regards dechmty and 

deposits of sandf 

79. The Damoodah has a course of about 300 miles long. It receives 
the drainage of about 7,000 square miles, httle or none of which falls into 
the river during the last 100 miles of its course, in which it is embanked, and 
has a flood level generally considerably above the country right and left. 

80. The source of the Damoodah is about 60 miles West of Ramgurh. 

The river’s course runs nearly due East 
taiK^wlH’s Gu?iojra“Mip^*^ through the great gneiss plateau of Sher- 
clah^^LooTflcJ^ ^ l^amoo- -vvill’s Map (but passing the Angwalce and 

probably other coal beds and sandy tracts) 
till just before its junction with the Barakur, about 150 miles from its 
source, and 75 miles West of Burdwan. The Barakur rises a few miles 
North of Hazareebaugh, crosses the Grand Trunk Road near Burhcc, and 
again 100 miles nearer Calcutta at Taldanga, shortly after which it joins 
the Damoodah, liavmg run a course of about 130 miles through a country 
of much tlie same geological formation as the Damoodah. 

81. The t\^ riveis, enter the Burdwan coal fields just above their 
junction, and cany with them the diainago of about 6,300 square miles 
of countiy After the junction of the Barakur the Damoodah receives 
several small tributaries, the last of which is the Buddye* which joins 
about 15 miles West of Burdwan 

82. The rate of declivity of the Damoodah before ^ts junction with 
the Baiakur, can only be stated very roughly- The Section m Shcrwill’s 
Geological Map, gives the elevation of the Angwalce coal field about 
850 feet above the level of the sea, but no authority is quoted, and 
jiossibly the elevation is merely a probable one. The Damoodah passes 
this coal field about 48 miles above its junction with the Barakur 

Si‘lootion8,Bengalllccords, Vol Professor Oldham gives the elevation of 
Vlllpage33 Taldanga (on the Barakur near the 

junction^ at 401 feet The difference of level thus roughly determined, 
gives tlie fall of tlie river about nine feet per mile 

83. The levels of the Barakur can be stilted in a more satisfactory 

Asiatic Journal, October 1848 , manner. ^ The upper crossing of the 
Vol XVII , page 374 Grand Trunk Road appears from Dr. 

Hooker’s journal to be not less than 1,300 feet above the sea, or 900 feet 

* The Buddyo is a branch of the Damoodah, but receives the drainage of a portion of 
country before it rejoins the main river. 
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a])ovc tlie crossing at '^laldaiiga The conrbc of the n\cr between the two 
])laces IS about 110 iniles, making the fall about eight feet per mile But 
lower clown the iivei pa&ses betw^con ]\ilinow'^ and Palgunj, the elevations 
of which places aie given by Piofessor Oldliam at 744 and 833 feet 
lespectivcly. Taking the iiver bank at 720 and the distance to Taldanga 
at no miles, the fall is 5^ feet per mile for tins portion of the stieam 

84. After the junction of the Barakur, the Damoodah runs about 
37 miles through the coal measures, having at the jucntion, as already 
stated, an elevation of about 380 feet above the sea Tweiity-foiir miles 
beloAV the junction the railway levels make the ele\ ation aboA e the sea (at 
Bucktuinuggui) about 260 feet, wdiich gn cs a fall of fiv e feet pci nulc 
Fioin Bucktuinugirur to the teimmation of the coal measures at 
Khyrasole, the fall appears to be about 29 feet in 13 miles, oi 2J feet 
per mile, and near wdiere the fall diminibhes the width of the ii\ei 
suddenly increases from about 2,000 feet to one mile 

85 In leaving the coal measures to enter tlie alluMal plains, the inci 
again passes ovei a jmition of the gneiss formation and apj^eaib to ha\e 
a moie lajud fall, being by the railw’^ay levels (of the countiy) 60 feet 
ill about 16 miles, to Coolcool, 22 miles West of BurcUvan In the next 
16 miles of the countiy o\er which the lailwav passes theie is a fall 
of about 52 feet to tlie Gown a Nuddc'c, wdiitli il it lepicseiit the decliMty 
of tlie liver fairly, will make the fall about three feet i)ei mile , and tins 
cariies the strcJlim 10 miles within the limiS ol the jaeseiit siiivev, horn 
winch 72 iiiileb of the i ivci’s course have alieadv been de&ciibcd — 28 
miles more, subject to tidal mfhieucc*, teiminate& the Daiiioodidi in its 
junction With the ILjoghl) 

86 Passiiu: tlnongli the sandy foiinati on of tlio coal ineasuics, w ith 
the Ingh lates of declivitv abo\e shown, nid in a distiict liable to heav^V 
fallt) of lam w itli long nitei \ ennig pel loiU of di v w i dthei , the DamooJali, at> 
might be exjiccted, is subject to \ioleiit floodb end binijjb dovMi an tnoi- 
mous quantity of sand iqion the jilain- 

87. It appeals to be a piev\uling Ojinnoii tL it tlub cjiiantitv cf sand i& 
on the mcicase, and that .it le ist as mu h c oxiic b dow n llu* in ei can c iii v 
off fj omits debouchure hoiii the Inllj. toiinlry U])oii t le plains, but we have 
no .accuiate information to show that an ac cumulation is going on thcte 

88. To facilitate the fuilliei studv’^ of the state of the Daiiio(»dah, a 
Section down the stream has been diavMi, on winch the geiieial fall of 
the bed has been made clear bv the use of n vetli 1 scale 75() tunas as 
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I.iige as the horizontal scale^ and on which the deviations from regularity 
in the giadual reduction of the declivity have been further magnified in 
the proportion of 8 to 5. 

89. From this Section it appears that two waves of rise of the river 
bed are m progress up that portion of the Damoodah which has been 
surveyed. The first has its crest about Futhaporc, seven miles East of 
Burdwan ; the second at Serampore where the Bancoorali road crosses 
the river. The up-stream side of the first extends to just beyond 
Joojooty, and comparing its position with the flood discharge of the river 
{vide Parts I and II of this note) along its course, it appears that the 
progress of this wave is the cause of the reduction in the channel of the 
Damoodah, and has forced three-fouiths of its flood waters over the country 
between Joojooty and Fnthapore. The progress of this wave appears to ex- 
plain the fact, which the reports of the Officers of the survey show, that the 
country about and below Burdwan was once in a more prospeious 
state than it now is 

90 The comparison of the Sections recently taken at Burdwan with 
that of 1837 appears to show that the progress of this wave is now 
almost suspended, probably by the quantity of earthy matter carried out 
of the river bed in heavy floods and deposited over the coimtry * 

91. Colonel Goodwyn’s Sections, Nos V. and VII , will be found on 
the down-stream side of this wave, (the latter is now approached by the 
up-stream side of the next,) and the theory shows why the river there is 
deep and narrow, and this is confirmed by tlie transverse Sections of the 
country, (Nos VI and VII.,) which show that the scouring in piogiess is 
in soil foiirieily deposited by the nver 

VII On the possibility of improving the Damoodah Channel by placing 
the Bunds closer together in its upper parts, 

92 On this subject it is first to be remarked that the Damoodah 
wlieic it is broadest (above Joojooty) is in the state above described as 
Case I, or nearly so The channel has a great declivity and passes over 
a liglit sandy soil and is liable to a great influx of sandy deposit, and a 
wide bed has been shown to be the natural consequence of these circum- 
stances The bed therefoie cannot be made narrow by closmg it in with 
embankments constructed of the soil tlirough which it flows. Above 

* A similar cause appears to have prevented the progress of the rise of the bed of the 
Cauvery, vide annexed extract from the Madras Engineer’s papers 
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Joojooty, therefore, the proposal could only be carried out by constiucting 
bunds of a much firmer soil brought from a distance, or by facing the 
banks with fascines, or stone, or some other substance that is capable of 
resisting the current. It would be necessary also to protect the embanlc- 
mcnts from bemg undermined by the stream Any such expensive 
work as this would, it appears, be inexpedient m this case 

93. From Joojooty to Futhapore the river has a reduced slope, tins 
part of its course being on the up-stream side ot a wave of rise in tlio 
bed Here the stream might possibly bo confined within embankments 
but the inevitable consequence would be a rapid rise of the bed The 
case would be precisely similar to that of the Eastern Jmnna Canal. The 
deposit lower down from the excessive slope of that part of the Canal 
which passed over the sandy soil did not cease till the slope had been 
reduced to 1’38 feet per mile, with a discharge of about 6 or 800 cubic 
feet per scconcL Above Joojooty tlie Damoodah has a slope of 2 7 feet 
per mile (perhaps more higher up than the Maps show), with a discharge 
m floods of 600,000 cubic feet per second Between Joojooty and 
Futhapore the slope is on the average 1 6 feet per mile. It is evident 
that a deposit must occur fiom the i eduction of declivity, for although 
the velocity might be mamtamed by mcreasmg the mean depth hoiri 10 
to 17 feet,* tins would not pievent the mass of semi-fluid matter earned 
along by the current over the excessive slope, stopping wheie that slope 
dnmmshed, and blocking up the channel It is also i)robable th<it the 
increased velocity would pro\e to be more than the bunds would stand 

94 Below Futhapore theie is an increase of declivity arising fioni 
that poition of the rivci being on the down-stream side of tlie bed- 
wave, on the up-sti cam side of which the ^\atc*l has deposited its excess 
of solid matter The Sections show tliat a scoiii has talvcn place heie, 
assisted no doubt by the maintenance of the bunds. It appeals that the 
river has changed as follows — 

Mean depth Area of Section Fall per mile Discharge 
1837 14 0 14,315) ( 95,911 

1852 16 9 16,439) j 126,578 

95 This gives an increase of about 32 pei cent in fifteen years in the 
discharge, the extreme depth and flood rise icinammg unchanged This 
improvement might no doubt be continued up to a coitain limit, but tlie 


By raising the bundh, dt fn a 
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foregoing theory shows that the scoui at Culna will be followed by a 
rise as the next Avavc of the bod advances fiom below by virtue of the 
increase it leceives from this same scour, so that the improvement could 
not bo permanent Moreover, if it were permanent, the process would 
afford no pro<?pcct of immediate lehef from the inundations The scour 
that has taken place has mcieased the capacity of tlic channel 32 per 
cent in fifteen yeais The capacity lequiics yet to be mcieased by 340 
percent of its picsent discliaiging pouer to cany off the full How of 
flood wateis , which incicasc, at the same rate of peicentage, it would take 
150 years to effect, and thcie appears to be no prospect of liastemiig 
the process m any sufficient degree. 

96. It IS evident that the Superintending Engineer South-eastern 
Ti evinces in making the suggestion to improve the Daiiioodah by in- 
creasing the Seoul, was not awaie that the deficiency of scour he seems 
to allude to fiom Joojooty downwaids is the effect of an excessive scour 
from the upper pait of the liver, nor had he become awaie of the re- 
maikable fact of the great deficiency of discharging capacity u Inch the 
calculations fiom the levels since received show to exist in the rivei 
where his Sections V and Vll were taken, foi at paragraph 10, part of 
his lettei he states — in these naiiow channels the embankments mtaet 
on both sides have passed the flood wateis. ’ And again, para 19tli, 
^Mlieie i> no fear of any use of Hood above that shown m Nos V. and 
VII , which have leceived and passed fiec the entire volume oi that 
alluded to iii paia. 10 of this pait” (i e tlie 643,337 cubic feet per 
second) 

VIIT Oil the Projc(tfor incieusmg tlw Water-way of the Damoodah 
by retiring the Bunds on one side. 

97 In Major B.dvcr’s Mi'inorandum pimtod in the Xllltli No of the 
Selections fiom the Eecoids of the Bengal Government, at paragraph 
12, ])age 87, it is stated — " If accoichng to the thud project it be detei- 
mmeil to letaiii the embankments, I have no doubt that they may 
‘Mie le-constiucted sufficiently far apart and with sufficient height and 
Section, to contain and confine such floods as havejiitherto been le- 
“ cordcMl , but the ultimate and unavoidable effect of such a incasuio 
“ would be to laibo tlie rivei bed, to necessitate a constant and propor- 
‘ tioiiatc increase to the height »md Section of the embankments, <Src ” 
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98. It 13 necessary, therefore, to examine into the possibility of 
increasing at a reasonable cost the flood discharge of the river m the 
way of widening its bed by retiring the embankments. 

99. Fiom tlio nature of the data, the examination must bo confined 
to the cost of increasing the width by retuing the right bank embank- 
ments, but tlieie appears to be no reason to suppose this a less favorable 
case than that of retiring the embanltmonts on the left bank. 

100 At Joojooty the river wants 100,000 cubic feet per second 
of the full flood dischaige An addition to the channel made on the 
riglit bank to cany off tins much water would have a mean depth 
of about 10 feet {vide Section of countiy) and the fall of the sticam 
being two feet iii the mile, the addition would lequire a width of 

W = Q 100,000 100,000 _ 

X 10 X X 2 X IO 18x^16 
feet, the distance to which the bund must be retiied 

101. Pioceedmg m the same manner with the otliei Sections of the 
countiy drawn from the suivc^, the follow mg table has been diawn up 


Ko of the Section 

Discharge of Rner 
at Hood less tlian 
600,000 cubic fett 
per second, 
about cubic feet 

Fall of Rner per 
mile, feet 

'3 

g I 

s ^ ^ 

«*-i — r 

Us 

£•5-2 

Consequent dis- 
tance to ^vhich 
bund must be le- 
tiieJ, feet 

u T 

^ 2 "5 

^ i < 

^ ? 3 ^ 


III 

100,000 

2 

10 

1,^ 5S 

10 3 


IV 

3 '50,000 

1 G 

9 

8,210 

8 1 


V 

400,000 

1 7 

14 5 

4,‘}79 

14 5 


VI 

460,000 

22 

U 7 

6,638 

1 15 1 


VII 

4« 5,000 

1 8 

17 7 

3,805 

18 2 


VIII 

500,000 

1 1 

15 0 

6,496 

17 3 


IX 

500,000 

4 

1 2 

14 0 

6,841 

16 7 


X 

500,000 

1 5 

0 U 

11,803 

no 


XI 

500,000 

1 0 

10 0 

12,428 

120 


XII 

510,000 

1 0 

9 0 

17,405 

117 , 


XIII 

525,000 

07 

80 

21,970 

80 
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102. The content of the addition to channel considered as a bason to 
liold floods IS 





Areas of Sections I 





Mean depth 
(by inspec- 





Section 

Width 

Of each 

Means 

Length 
in miles 

Products 



tlOIl ) 


111 

1,7 '58 

10 

17, '580 

45,762 

C 5 

297,453 

IV 

8,21 G 

9 

73,044 

68,719 

7o 

481,033 

V 

4,379 

14 5 

63,495 







70,579 

80 

564,612 

VI 

C,b38 

11 7 

77,6(.4 

72,506 

75 

543,70 5 

VII 

3,805 

17 7 

67,348 

82,394 

CO 

494,364 

VIII 

6,490 

15 0 

97,440 

96,607 

65 

627,045 

IX 

6,841 

14 0 

95,774 

101,405 

55 

557,727 

X 

11,893 

90 

1 07,037 






115,658 

50 

578 290 

XI 

12,428 

10 0 

124,280 

135,687 

45 

610,501 

XII 

17,455 

9 0 

157,095 



XIIL 

21,970 

80 

166,4^7 

55 

915, 148 

175,760 

T(»tul, 


5,671,168 


5,671,168 X 5,280 = 29,943,767,040 cubic feet, winch is equal to nearly 
foul teen hours of the flood discharge of 600,000 cubic feet per second 
The picsent channel has alioacly been computc'd to be equal to ciglif 
houis’ flood discharge The two togcthei, theieioie, aic equal to contain 
tnent^-two hours’ flood discharge, that is to say, in the seventy-two miles 
of the river’s course embiaccd in the survey 

103. The flood of 1840 lasted four daj^s before it began to subside 
For a bason thercfoie it would be necessary to have room for at least 
four days’ flood, icckonmg at full 600,000 cubic feet per second The 
capacity of the river channed with the additions is conseipieiitly quite in- 
adequate to act as a bason, and must be kept m full efficiency as a channel 

104. It IS tlieiefoie veiy desiiable to know the effect ofia strong 
South wind upon the cuireiit of the rivei in so wide and shallow a 
channel as would exist in the lower parts of the Damoodali’s com so if 
this piojcct were carried out 

105. The only case at all m point found on record after a search 
through such works as are procurable m Calcutta, is that given at page 








( 95 ) 


41 of Part II , Vol. Ill of Burners Treatise on Hydraulic Engineering, 
Weale’s series. A pond, nine miles broad and of a depth of three feet at 
each side, (mean depth not given,) was emptied at one side and liad its 
depth doubled at the other by a violent wind Tlus wind therefore 
produced a slope of ^ of a foot per iiiilc. 

106 No satisfactory application of this instance can be made for want 
of a recognised rule on the subject , but as the fall of the rivci for eight 
or nine miles above Omptah is scarcely more than two-thirds of a foot per 
rnilc, it appears necessary to make some fuither allowance for the effects 
of wind tlierc than is afforded by the tliree feet above flood level allowed 
111 the bunds of the upper parts of the river In the following calculations 
five feet have been allowed at Sections XIL and XIII and four feet at 
Section XI 

107. Ilcfciring now to the table in which the position of the retired 
bunds are given, and to the sketches of them in red ink on the sheets 
of Sections of the country, it will be seen that they will not have merely 
to stand the effects of the scour of the comparatively slack water which 
in floods rises over the rn er’s banks, but will themselves form the bank, 
and have to icsist in many p«iits the greatest foice of the stieam In 
cal minting tlie ciuantity of caith-woik likely to be requned m cairjung 
out tins j)io)cct, thcreTbrc, the following scale of Sections have been taken • 

Land slope 3 base to 1 height, 

Width of crest I licight, . ... 

III! er slope 6 base to 1 height. 


/ Wlionce the area is 5h^, h 
I being the height. 
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Below Section XIII tlie rivci clianiicl continues fonfined for al)out 
20 miles and would pi ol)cil)ly lequiie retired bunds say oi 12 feet liii^li 
TJiih will add 720 x 5,280 x 20 = 76,032,000 cubic lect to tlio quantity 
of eaitli-woik, making a grand total of 569,757,147 cubic feet 

108 Tins work should include the icmoval of the old bunds on the 
right bank of all mounds oi obstiuctions in the now channel as -vAell as 
tlie construction of sluices. The cost altogether cannot be set down 


under 3 lupees pei 1,000 cubic feet 

oi rupees 1,709,271 

Add 12 pel Cent, foi loss of substance in fiist season, 2,05,112 


Total capital to be laid out, 19,14,383 

Annual cost , 4 per Cent intciest, 6 nor Cent I 

A 1 ^ 1,91,438 

Annual lepairs, y ^ 
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109 The land required to he made over for the formation of the new 
clianncl will be — 


Ft ot 


1 r’is 
8-2 IG 
4 570 
OG58 
3 805 
b lOG 
G sn 

11 803 

12 428 
17 455 
J1 070 
10 jGO 


Width 


or 

Miles 


U 531 
1 555 
0 820 
1 257 
0 720 
1 2 50 

1 20 5 

2 252 
2 552 
5 50G 
4 101 
2 (»00 


Mcmhs 

111 

Milts 


0 041 

1 102 
1 043 
0 08S 

0 075 

1 262 

1 775 

2 302 
2 820 
5 7 3 5 

2 000 


Lonfjth 

III 

Miles 


0 5 
70 
b 0 
7 5 
00 
(i 5 
3 5 
5 0 

1 5 
5 5 

20 0 


Area 

ill 

stjii ire 
MiLs 


6 13C 
8 344 
8 344 

7 410 
5 850 

8 203 

9 751 

11 501 

12 730 
20 5 51 

40 OOO 


Total scjiiarc iniles, 138 800 


Tilt lit ii^il Boei^ili is 1000 
stjiiaif ^ titls 

19 50 I5et‘i;ahsnjo Oi tmo 
stjuai t milt 

1 58 S 

8328 
4104 
12492 
1 388 


268710 8 Bttijahs 


110 Tlio i\liolo of this land Alould pcihaps not bo throiMi out of 
( iiltivation^ but a in udi laii^or portion would be so tli an now is by tlie 
floods A\bKb pass along coinitiy on the light bank of the liver owing 
to tlie incoin[»letcness of, oi to bleaches in, the bunds. 

111 On the whole the additional secuiity aftbrded to the country to the 
riglit of tlie now bund might oover the loss on the left of it, so far as land 
IS concerned, but there would bo a heavy loss in buildings, villages, (SLc. 

112. Nothing need be set down to the cost of repairing breaches, or 
for remissions of revenue owing to the damage done by them, or for 
changes in the lines of embankments which might from time to tune be 
necessary. Considering the extreme width of the channel in its lower 
parts, it may be supposed that if tins project be practicable, an active and 
skilful Engineer would be able to moie than repay the sums expended 
and lost fiom new lines of embankments and bleaches, by gradually taking 

o 
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back (np to a certain limit) portions of tlic land f^vcn over to the river, 
as the occurrence of partial mci eases of depth in the iiver bed (which woidd 
no doubt here and there take place durincj the progress of floods) might 
enable him to do so w ithoiit reducing too far the capacity of the cliannel. 

113 In considering the ad\antage of this project, it is to be obseivcd 
that it will not secuic the country against the danger of inundation from 
bleaches, (for the greatest care could not avert such occasional sets of 

the curicnt against tlic bunds as must 

Sec Mcij or Baker’s Ml morand urn " 

breacli them,) but Avould reiidei the occur- 
rence of suc'h accidents miuli less fiequent, and then conscipieiices 
perhaps less disastious , for tlie occurieiKc of breaches would no longer 
boa necessary consequence of high floods, nor would the dischaige of 
a gn*at body of watei th tough them be necessary to the subsidence of 
the flood The cairymg out of this project, liowevcr, would not lower the 
flood lc\el of the iivei, and would only afloid so much additional secuuty 
to the land on the left bank as is the consccj[uence of bleaches being no 
longei a necessaiy cfte(t of floods. 

114 Averystiong objection to the project aiises fiom the jiosjtion 
of the new bunds befoie adveited to Owung to the fall of the giound in 
icceding from the piesent channel of the ii\ei, the new bunds w ould in 
most places have to stand the scour of the deepest and swuftest jiaits of 
the stieam (excepting that of the old bed ) The effect of a stieam of wnter 
fiom 15 to 18 feet deep, running with a \eIocity of fiom five to eight feet 
per second, would pi ohably be gi eater than a mei e earthen embankment 
could stand even with the liberal section allowed m the foiegoing cal- 
culations, and it would most likely be necessaijr eithci ,ittci all to 
abandon the bunds, or to face them and secure then bases, at an (moiinous 
expense, by means of stone oi some othei substance, winch appeals almo&l 
impracticable from so consuleiable a length of line 

115 With respect to the possible latc at which the channel might 
silt up, it maybe remaiked that the full flood dischai ge of one day is 
•600,000 X 60 X 60 X 24 = 51,840,000,000 cubic feet of water, con- 
tauiing accoiding to Major Kennedy’s estimate* of its bulk of solid 

^ % 

* This ostiiniti does not appear to be takiii fiom any trial on the Damoodah, it is pro- 
babl^ ipiaiii (luov Jjieiitiiiaiit-Colonel) Foibis’ determination for tin Ginf»cs, snbseipuntly 
virilied by the Ueverond K Jivciobt, / Asiatic Journal^ Vol 1, (18 U) Mi E\t test’s 
^ . . r 1 experiments woio inude at (JJi i/e* pore, >\ner( tlu 

Dr TIookcr Aitxahr Journal has a fall of about oni tout* per miU The 

estimate is theretore probably \ery far sboit ot the aitiial quantity ot bolid matter eained 
by the Damoodah •watei, mhigh lloodb, abo\e Burdwau 
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matter, or about 60,000,000 cubic feet ; enough to cover a square mile to 
the depth of about 2 feet If the whole flow of water during one rainy 
season be reckoned equal to eight days’ full flood discharge, it will 
bung down enough solid matter to cover a square mile to the depth of 
about 17 feet Two-tliirdsof this might possibly be deposited* on the 
up-stieam -side of the great wave of rise in the river’s bed between 
Joojooty and Euthapore, over about 24 miles of the liver’s course, where, 
w hen widened, it would on the average be miles wide, tliat is over 
42 squaie miles On this space the a\eiagc rise would thus bo {5 or 
about 4 of a foot pei annum, and in the middle jiortioii it might be as 
inu(h as i a loot, and, if the piocess continued at this rate, the channel 
would com})]ctely silt u]) to piesent flood level in 42 years 

116 These ohjecti oils and the heavy outlay required, together with 
the luqieilect and unsatisfactory natuie of the relief affoided to the 
country, appear to he conclusive against this project. 

JX Imposiiilnhtij of imprmnng the state of things hy cutting new 
Chanuih for the Damoodah 

117 The ncxtpiojcct for piescri-ing the country from inundations 
wliu li pK'sents itself is that of making new cli ninels of sufficient cai)acity 
to caiiy oil the floods There is i consideiable fall fioiu tlie Damoodali 
near Joojooty to the Dalkissore, and a channel about 15 \ miles long 
would connect tlie uvois, and so the latkr might bo made to cany olf 
the siii])liis watei fioni the foimei m times of flood This cut, wutli 
the .issistance of nnpiovcmcnts in the Canna Nnddee and Damoodah Khal, 
might be made to tan y off all the flood water which cannot be passed 
down by the Damoodah at Omptah At hist sight the project a^qicars 
\ciy feasible 

118 But on calculation it appears that the mimenso extent of 
water-way i^cpiicd for the new cut will make the expense of such a 
moa<^ure much too gicat Kcfenmg to the tabic in tlie fiist Section 
of this inemoiandum, it will be seen that the following an angement for 
cair\iiig of! the floods is tlie most favoiable that can be made, that is, 
it gives the least possible chschaigc to the new cut fiom about Joojooty 
In fact it requiies tlie Damoodah to carry 200,000 cubic feet per 


* It ^\ouUl cost HupCLs 3,20,000 to romo/t it outside the buuds, if it could be dune at 1,000 
cubic feet per Rupee iliis charge might be annual 
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second as far as tlie Carnia Nuddee, which it will not do mthout consi- 
deiable excavation or raiding ol bunds 


New cut, 400,000 cubic feet per second 

CannaNuddee, 100,000* ditto. 

Damoodah Khal, 25,000 ditto 


Damoodah at Omptali, 75,000 ditto 

. . 600,000 

being tlie full flood discliaige 

119. Wlutover be the eligibility in other respects of the line of tli(‘ 
Joojooty Section for the new cut, it appeals that no more econoriiical line 
can be chosen Above it the giound rises too high, and below it the 
distance increases Tins line gives a f.ill for the new bed of two feet 
per mile, a mean dcjitli of (uttiiig of 22^ feet to bung the bottom of tlie 
cut to an even hill bch^een the bottonib of the two iiveis, and a length 
of 15-V miles. The cxticmc flood depth of the liver at Joojoot}' is about 
21 feet, and the new cut cannot Ime a mean flood d(‘ptli gieatei than 
tins without loss of fall and increase of cutting With the m(*an dej)tli 
of 21 feet and fall of two feet per mile, Eytelweuib formula gives the flood 
'widtli of channel thus — 


Dibchaige 400,000 = W x 21 x s/ 2 x 2 x 1^1 = ^2 9 W 


w = = 2292 foot 


To allo>> for the sloping oft the sides, say 2,350 feet foi the width of 
cutting, then the quantity of excavation will be 


2350 X 224 X 5280 x 154 = 4,327, 290,000 cubic feet, wliuli at 
lliipeest P^r l/)00, would cost 25 9^ lacs of Itupees 


1 


* TIm Caiina Nuddcc iii Us pic s( iit slati will not i arry oft of tins, as t ir as < in b( 
(1 linin tho Sution gncii bj laciit lobnstone It a]>]i( us to bavc i flood an a of 
about 1 400 scjiiarL ftit, with i imaii dtplli of Itn fttt, nnd 1 ill of ont loot pir inilt It is 
vs itliout biiiidb, by tho ajipln itioii ol i\bitb the disthai£>iiig powei might lu iiurtasod 
The lingtli of the thannel is 50 mdcs 

-j- To pine the oaith iltai of the bank out of danger of falling in from llio lateral action 
of the stream, and to avoid raising the taitli nnncctssanly, it must be (.arricd oii thi 
aieragi nearly hill a mile Mithariso of JO firt This iiould piobably lost six annas 
pir 100 and four annas for excavation and loading, dresbing, total ten annas per 100, or 
100 annas ptr 1,000 
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120. With the addition of the improvements to the Canna Nuddee 
and Damooddh Khal, and the embankments which would be necessary 
on Dalkissore below the junction of the new cut, the cost of tlus scheme 
could not fall short of three (3) crores of Rupees. 

121 And notwithstanchng this large outlay no pennanent relief 
would be afforded to the country. For, admitting that the nairow cut 
above calculated for would stand the floods, the fall of the Dalkissore 
which continues at about two feet per mile about as far as Jelianabad, 
1 educes below that place to only one foot pei mile Tins i eduction 
of declivity would occasion a lapid deposit of the sand and silt brought 
down the new cut in large quantities, and the Dalkissore channel would 
soon become as meflicieiit as the Danioodah now is 

JT Pi opo^al to remove the Bunds on the ? iglit Bank 

122 The Sections diawii from the suivey of the country show 
that the lowest land on the i iglit bank of the Damoodah, to w Inch the 
floods of the liver can have access between it and the Dalkissore or 
Roopnai am, lies along the bank of the Damoodah as far as where the 
Damoodah Klial blanches oft opposite Rajabulliaut, (a village on the left 
bank of the Damoodah,) and that below this the countiy has no geiieial 
leatuic but a slight fall tow aids the Roopnaraiii It seems theicfore that 
in the event of the leinoval of the light bank bunds, the mam body of 
the watei which the iiver channel cannot contain will flow along the 
light bulk of the Damoodah as fai as opposite Rajabulliaut, and fiom 
th.it j)lacc will spiead o^er the country, and most of it fall into the 
Roopnai am 111 that part of its com sc which is a few miles Noith and 
tjouth of the latitude of Onq^tah, that is about ojiposite Gopeegiinge 

* 12.1. Lithe llepoit of Mr Denton, Evecutive Ofticei of the Ciilmeeiolo 
Division, d,ated 3id July 1840, describing the gicat flood of that yeai, 
the above conclusion is confiimed by the follownng statement — 

The coiintiy between the Danioodah and Roopnarain being one sheet 
of w^atei, and the waters of the former iiver lunning ovei the bunds 
of the lattei into the rivei below and above Goopeegunge ” 

J24 There will, it appeals, be no difficulty m diaming off* the flood 
w^atci, but most of it must be earned into the Roopiiaram, and \eiy 
little tan be bi ought back into the Damoodah 

125 In ordei to calculate the le\el to winch the floods will use 
upon the low ground between the two nveis, the areas of all the Sections 
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of the country perpendicular to the Damoodah^s course have been calcu- 
lated for various flood levels, assumed at intervals of one or two feet, 
fiom the river flood level downwards. 

126 The water-way afforded by the low country in the fiist and 
second Sections has not been taken into account, the areas being so siiull 
that the water carried off would evidently not affect the flood level which 
would remain the same as in the river- 

127. At Section III, (Joojooty,) the river has been assumed to carry 
off 400,000 cubic feet of water per second, and the low laud 300,000 , 
and as the river, bunded, is capable of carrying off ncaily 500,000 cubic 
feet per second m that part, and as the full flood discliargc is suiiposed 
to be only 600,000 cubic feet per second, these assumptions appear to allow 
of ample margin for eriors. 

128 At Section IV, (Burdwan,) the river is supposed to carry off 
250,000 cubic feet per second and the low land 450,000 

129. For Sections V to XI inclusive, the low land is assumed to 
cairy off the full flood discliaige, leavmg >\hat is earned off by the ii\er 
as ‘‘ inaigm”. 

130 Fiom Section XI downwards, the flood water has an escape 
into the Iloopnaiaiii, and judging by the fall in the diiection of tlie 
Damoodah sticain and towaids the Roopnarain, it appears that fiom 
Section XII not moie than 450,000 cubic feet per second, and in Section 
XIII not more than 300,000 cubic feet per second will flow o\ei the 
low giound, the remainder falling into the Iloopnaram * The abo\e 
numbers have accordingly been assumed for the discharge in dctei mining 
the flood levels which have been calculated with a corresjionding slope 
towards the lloopnaram. The mfoimation as to the floods on tins i)art 
of the country is imperfect for want of levels on the light bank of the 
Roopnarain and lower dowm that river. 

131 The fall of the flood stream per mile has, m the first instance, 
been assumed to be that of the lowest laud shown in the Sections , that js, the 
(lifteicnce of level between the lowest giound of the ])rcccding and 
following Sections, divided by the number of miles betw^een them. 


• These deductions 1 have since seen reason to think too great, and (onccivethe lajd Hood 
should be calculated to carry off 500,000 cubic feet By drawing the flood line on the 
Stctions hoiizoiitdl from the Ddmoodah side, instead of on a slope, the error will be 
Lorrected, and it will be seen that it is not important 
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132 . Tlie following table shows the result* — 
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133. Comparison is made of the slope of the surface^ as given by the 
flood levels required to carry off the water, with the slope of the lowest 
ground used in the preceding calculations in the following table : — 


Difference of levels g Fall per mile 
Levels of between preceding 2 g’g 

and followmg Sec- fe-S ^ 

tions S i to 

8 S’ I Low 

ground Floods § § J ground 

ground I 2 .2 

® Geo 


J I 197 0 Ri'er, 209 3 1 92' 5 0 2 1 8 

II 196 0 „ 200 1 22 2 2 2 7 11§ 2 0 2 0 




\ Land, 185 2 / 

174 8 < V 31 0 26 2 12 2 6 2 2 

V Mean, 180 0 3 
^ River, 175 5 V 
1 Land, 171 3 / 

165 0 < V 25 5 29 1 12 2 1 2 4 Used, 2 5 fall | 

^ Mean, 174 9 j 

149 3 Land, 157 o 33 0 33 7 12 2^7 2 7 

132 0 „ 141 2 30 2 26 3 11 2 7 2 4 Used, 2 5 fall 

119 1' „ 131 2 23 0 23 0 11 2 1 2 1 

109 0 „ 118 2 18 1 22 7 10 1 8 2 2 Used, 1 6 fall 

1010 „ 109 0 14 9 14 5 9} 15 15 Used, 1 3 fall 


X 94 1 „ 103 7 17 2 15 6 9J 17 15 


„ 93 4 13 7 13 3 9 1 5 1 5 


„ 90 4 5 1 71 8} 0^6 0 8 


„ 86 3 1 7 4 1 


0 35 0 9 
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134. The following Section’s flood levels appears to require re-calcu- 
lation with the slopes noted — 
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IX 
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XII 
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XIII 
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186 iO 3 9 93,310 363,909 

185 ,3 4 3 6 71,260 200,536 

* I 

175 5 '5 1 2 3 [4 4 , 156,870 000,225 


300,000 cubir feet per 
bcLoud at l8^ 4 


mo 42 40jU2.020 4-,l,fiS0 { :"aWU74%' 

I 


119 6‘1 2*2 4 6 182,120 837,752 
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i 
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136. The results as respect the flood level on the low land compared 
witli that of the river, and the nature of the flood to which the country 
will be subjected, are as follows: — 







Land flood 



Section 

Land 

River 

Difierence 





Width 

flood 

flood 









Greatest 

Mean 






Depth 

feet 

Velocity 
feet per 
second 

Depth jvelocity 

Miles 

I 


209 3 

* 

0 




■ 

■■ 

II 


200 1 

0 




■ 


III 

185 4 

188 1 


10 6 

73 

37 



IV 

174 0 

175 5 

1 5 

69 

63 

42 



V 

157 5 

166 5 

90 

82 

74 

40 

wm 


VI 

141*2 

150 8 

96 

92 

73 

43 

4 1 


VII 

131 2 

137 7^ 

65 

12 1 

-ft 
i 8 

7 7 

5 1 

3i 

VIII 

117 4 

128 7 

11 3 

84 

68 

47 

4 1 

5i 

IX 

108 4 

119 0 

10 6 

74 

53 

54 

36 

6i 

X 

103 7 

108 0 

43 

96 

59 

46 

34 

8 


means 








XI 

93 4 

104 0 

10 6 

78 

1 53 

3 1 

28 

131 

XII 

89 5 

97 4 

79 

93 

; 47 

1 

40 

23 

11 

XIII 

84 9 

92 5 

76 

62 

1 

j 3 9 

1 

1 32 

1 9 

9 


137. The depth and velocity of the watei in each portion of the 
flood and the extent of land flooded, are shown upon the accompanying 
copy of the survey. 

138. The first point for consideration, with reference to the great 
difierence of levels above shown, is tlie effect of the removal of the 
embankments of the right bank on the flood level of the nver. To cal- 
culate tins, the out-fall over the right bank for a given portion of he 
river may be taken as a stream, of a mean depth equal to the average 
height of the (reduced) flood level of the river above the bank, and of a 
declivity determined by the profile of the ground beyond the bank Then 
the discharge through the upper Section of the portion of the river under 
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consideration being known, the height of the water at the lower Section 
must be so determined that the discharge down the river there, together 
with the discharge over the right bank, will be equal to the discharge, 
from above. In this way the calculation may be made for the successive 
portions of the stream, commencing from where the land flood ceases 
to be nearly on a level with the river flood. This is the case at the 
Burdwan Section, No. IV. The calculation will therefore commence 
with the interval between that and Selalpore (Colonel Goodwyn’s Section 
No. III.) bemg the first detailed Section of the river below Futhapore 
(Section No. V.) The fall over the bank judging by the two nearest 
Sections of the country is about 2*7 feet in the mile at Selalpore. At 
Burdwan the fall is very small (15 feet being the whole difference of 
level between the river and land floods ,) let the average therefore be 
supposed 1 3 feet all along from Burdwan to ^elalpore. The height 
of the spill at Burdwan appears by Colonel Goodwyn’s Section to be 
about four feet Let that at Selalpore be a:, then the average spill, or mean 

depth of the water flowing over the bank, will be - - By Eytelwein’s 

A 

formula therefore the mean velocity of the flow over the bank will be 

2 X 1 3 X "'-tl 

and the length of the portion of the river being 12 miles or 63,360 feet, 
the whole discharge over the bank will be 

63,360 X X 

or 91,238 ^ 

This mode of calculation though not stiictly accurate is, as v ill presently 
appear, sufficiently so for the purpose. 

139. On examimng the Sections of the country Nos, V and VI, it 
appears that the removal of the bund on the right bank will leave an 
extreme depth of about 16 feet to the channel. With this as the extreme 
depth of water. Colonel Goodwyn’s Section No III gives the area of 
11,739 square feet, and a mean depth of 5 2. At full flood level the 
extreme depth is 23 5 feet, and the area 28,716, the mean depth being 
9*5. Between these limits every foot of mcrease in extreme depth 
makes on the average a difference of 2,263 square feet of area, 
and 0*57 feet of mean depth. Wherefore at the height of t above 
the bank, the area of the Section of the stream will bo 11,739 + 
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The £all being 2*1 feet per 


2263 X, and the mean depth 5*2 + 0*57 x. 
mile, the discharge down the river will be 

Q == (11,739 + 2,263 x) v'4*2 x(52 + 057 *) 

Bnt the discharge at Burdwan being 253,082 cubic feet per second, 
the mode of calculation laid down above leads to the equation. 

+ _ 2^,082 
'91^38 

Q 


253,082 = Q + 91,238 
Whence ^ 


y 


and 


* = 2 -^ 


2*77 — 


r- 


91238 
4 


91,238 

so that whatever value be assigned to Q, a? will be a mintts quantity, 
that IS to say, the river flood stream will not rise over its right bank at 
Selalpore. Under these circumstances the discharge down the nvei will 
not exceed 11,739 x-i%v'42x52 = 49,655 cubic feet per second. 

140. As this is 50 per cent less than the discharge which can be carried 
off by the river at Omptah, it appears that the removal of the bunds on 
the right bank as far down as Selalpore, only, will be all that is necessary 
in order to save the bunds on the left from danger of being topped by 
the floods and breached fuithcr down than a few miles East of Burdwan. 

141 The above, though a \ery rough calculation, cannut, from the 
nature of the case, be liable to any very important error, because the 
declivity of the flood over the bank increases so greatly in proceeding 
from Burdwan to Futhaporc, (Section V,) that any error in the assumed 
data which might affect the accuracy of the result for a space commencing 
at Bui d wan, will entirely disappear if the calculation be made appli- 
cable to a space two or three miles lower dowm the river p so that it may 
safely bo concluded that the bunds on the right bank need not be removed 
below a point opposite the head of the Ganna Nuddee, provided that they 
be entirely removed in the upper portions of the river, and the country 
near them sufficiently cleared of obstructions. 
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* 

141^. The capacity of fhe bason afforded by the low country, up to 

the flood levels ascertained by the calculations before given, will be as 

follows : — 


Sections 

Areas 

Means of 
Areas 

Miles 

* 

Products 


I 

150,270 

84,885 

5 1 

432,903 


II 

19,500 

49,790 

65 

403,635 


III 

80,080 

96,500 

52 

501,800 


IV 

112,920 

127,982 

60 

767,892 


V 

143,045 

128,708 

50 

643,540 


VI 

114,371 

108,648 

58 

630,158 


VII 

102,925 

129,427 

40 

517,708 


vm 

155,929 

160,387 

50 

801,985 


IX 

164,896 

170,629 

48 

919,016 


X 

176,412 






• 

192,381 

50 

961,905 


XI 

207,350 



* 




199,750 

38 

758,950 


XII 

192,150 

171,297 

50 

856,485 


XIII 

150,445 


8,195,977 

5280 



Total, 


8,195,977 

655678160 

16391954 


40979885 

Total cubic feet, ... 43274758560 


equal to 20 hours’ discharge of the full flow stream. 
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142. The area that will be submerged may be roughly set down thus 


Section 

Width 

Miles 

Means of | 
Width 1 

1 

Length 

Miles 

Areas 

Square 

Miles 


I 

1 75 

157 

5 1 

8 45 


II 

1 40 

27 

6 5 

17 50 


III 

40 

45 

52 

23 40 


IV 

A 

50 

70® 

60 

60 

36 00 



angle 

70 

50 

36 00 


VI 

50 





VII 

40 

4 5 

58 

2b 10 


VI 11 

55 

4 75 

40 

19 00 


IX 

C5 

6 00 

50 

30 00 


X 

80 

7 25 

48 

34 80 


XI 

13 5 

10 75 . 

50 

53 75 


xir 

110 

12 25 

38 

46 55 


XIII 

90 

10 0 

50 

50 00 



Total, 
or BecgiiLs, 


380 bo Square Miles 
730,938 


Q 




( 114 ) 


143. It has been proposed to construct a central bund near tlic 
southern and western limit of the flood stream, and it would no doubt 
be useful to protect the.land within it from the effects of a rise of water, 
or from waves in case of a high wmd accompanying the heavy flood. 
It would also afford the Revenue Officers a great advantage in defimng, to 
the satisfaction of all parties, the limit to which the floods would be confined, 
and it would afford a margin for errors in the calculation of their rise 
If this bund were placed on the line at which the water w^ould submerge 
the land to a depth of two feet, a small area of land would be saved from 
occasional inundation, and no useful water-way would be taken from tlio 
flood The proposed bund is sketched on the map, it would be about 69 
miles long and of a Sectional aiea of 6 + 5 square 

feet, and would contain 102 5 x 5280 X 69 = 37,342,800 cubic feet of 
earth- work The cost of construction would be about ^),000 Rs. The 
abrupt turns may be cut off without much mcreasmg me expense and 
with no loss of water-way 

144 Tlie construction of this bund will reduce the aica of land to be 
given over to the floods to about 350 squaie miles or 677,600 beegahs 

145 It was at first proposed*^ topi otect the Mundulghaut Pergunnali 
by a cross bund running from Omptah to opposite Gopeegunge on the 
Roopnaram , but the present survey shows that such a measure would 
be impracticable, because, owmg to the small capacity of the channels of 
the two rivers, there would not be left sufficient water-way to carry off 
the floods, and the bulk of water is too great to be dammed up f As* 
the suivey terminates at the hue of the intended bund, the nature of tlic 
measures to be adopted to protect the Mundulghaut estate cannot be 
accurately stated , but from the accompanying sketch map, compiled 
from the Revenue Survey and other maps in the Office, and from the 
circumstances stated below, some rough approximation may be made to 
the nature and cost of the works reqmred. 

146. Further south than the line of the formerly proposed bund, 
below the Buxee Khal on the Roopnaram side and the Gaighattee Khal 
on the Damoodah side, and forming 41 curve convex to the north between 
them, is a strong embankment foi the protection of lower Mundulghaut. 

* Mibtary Buard’b letter, No 2G92, of 0th .lanuaiy 1852, puia 20 

t Four days* flood 600,000, X 60 X 60 x 24 X 4 = 207,360,000,000 cubic feet A 
square mile covered with water 20 feet deep will have 20 X 5280 ® = 20 X 28,000,000 
= 560,000,000 cubic feet of water on it, whence it appears that four days’ flood discharge 
of the Damoodah would lay 370 square miles of countiy under water to a depth of 20 ftet 
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Thib embankment approaches close to both rivers. It has been breached, 
or else has caused the floods to rise so high as to oblige the villagers to cut 
it, on several occasions, and the Midnapore and Ooloobarreah road, which 
should be protected by it, is frequently injuied. It appears therefore that 
this bund does not allow sufficient water-way for the floods under the ex- 
isting state of things, and it therefoie will not answer at all for the protec- 
tion of tlie lower Mundulghaut when the bunds on the right bank of the 
Damoodah are removed and the flood over the country increased by all the 
water which heretofore used to find its way tliroiigh the breaches on the left. 

147. The country in the latitude of Omptah having a slope towards 
tho Roopnarain, and that river having a so much more capacious 
channel in its lower parts than the Damoodah, it appears necessary to 
l)rovide for the passing off of the flood-water entirely on the Roopnarain 
side Tlie Sectipn taken by Lieutenant Jervis in 1850, shows that the 
Roopnarain at Coila Ghaut, whcie the Ooloobarreah and Midnapore road 
crosses, has a width of about 2,000 feet and a Section which affords a 
water-way of not more than 50,000 squaic feet for high floods This 
ri\er therefore, allowing a fall of one foot pci mile, cannot be reckoned 
upon to dibchaige more than 50,000 x /y v^’2”x 1 X 25 = 320,000 
cubic feet per second, and the itinaimng flood-water of both nvers, about 
500,000 cubic feet, (allowing 820,000 m all,) must be earned off by a 
land flood over a country which transversely to the course of the iivei 
IS nearly level Allow ing a depth of eight feet on the a\ erage to this flood, 
and a fall in the direction of the river of one foot per mile, about three 
miles of water-way will be necessary This therefore seems to be the 
width required opposite Coila Ghaut, and may be reduced as the channel 
of the Roopnai am becomes more capacious, and will cease where it becomes 
large enough to discharge the full flood without assistance 

148 The sketch map shows the c\isting bunds, and it will be seen how 
badly they arc placed for the discharge of a great body of water. The 
existing bunds to be removed are shown by a dusky shad#, the existing 
bmids which need not be interfered with by a green shade, and the 
proposed new bunds m red. About nine miles of new bund will be 
reqmred on the left bank of the Roopnarain and tw^elvc on the right* To 

* It appears probable that the Pattiiian bund will ans\^ei for the line on the left bank south 
and a little north of tho Midnapore road But nothing is allowed for this, as it is on the 
other hand also probable that the bunds on the right of the Dalkissore may require 
strengthening for some dislanee abo\c the point where the new bund will commence 
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letain eight feet of water, these bunds must be eleven feet high, which, with 
three feet crest, and slopes of three and four base to one of height, give a 
Section of (3 + J x 11) 11 = 456*5 square feet or about 2,400,000 
cubic feet to the mile Fixing the rate at three rupees per 1000 to 
cover the clearance of old bunds, the cost will be 7,200 Rs. per mile, or 
about 1^ lacs for the whole twenty-one miles. Besides this expense there 
will be the removal of villages withm the bunds, the loss of land-ient on 
about 50,000 beegahs, cultivated and uncultivated, and the adoption 
for about four miles of the Midnapore and Ooloobarreah road of a 
new line more to the south, if it be thought necessary to maintain 
this line. 

149. It may however be observed that though the land not protected 
by the bunds (that is forming the flood channel) would be inundated in 
very liigh floods, it would not geneially be so to any very serious degree, 
and might yield crops more often than not , also that the abandonment 
of three or four miles of the road between the Damoodah and lloopnaram 
was recommended by Captain Spens in 1851, because, even then, he did 
not think it could be safely maintained at a reasonable expense by reason 
of the floods. 

150 An extension of the new bund on the left of the Roopnaiain, as 
far northwards as the head of the Damoodah Khal on the light bank 
of the Damoodah, would probably be found advantageous, but it is not 
appaiently necessary to the piotection of the country to the south 

151. The foregoing considerations appeal to show the general nature 
of the operations to be earned out to protect the lower pait of Mundul- 
ghaut, but it will of course be neccssaiy to liavc an accuiatc survey 
with levels and a carefully prejiaied estimate before so impoitant a woik 
can be finally settled in all its details. 

152 The levels of the survey (as far as it goes) show that there is 
no obstacle to the flood-waters running off into the Roopnaram and that 
the fears of a Sivamp being formed between the rivers are quite groundless. 
On the contrary the drainage appeals to be better than the land-holders 
wish , for they constiuct embankments to retain the water on their lands. 
Under these circumstances any outlay for improving the drainage 
appears superfluous, and Government need exercise no interference 
with the operations of tlie cultivators, whose works can never stop 
the floods (Vide marginal note to the description of the Mundul- 
ghaut bund.) 
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153. The immediate outlay on this project in earth-work may there- 


fore be roughly set down as follows: — 


Rupees. 

Central Bund^ 40^000 

Mundulghaut Bunds, 1,50,000 

Removal of bunds on right bank, 50,000 


2,40,000 

Add contingencies and cost in first year, 24,000 

Total, 2,64,000 


On which the annual charges for interest and) 

repairs may be taken at 10 per cent., ) ^ ^ 

154 The table given abo\e showing the depth and\elocity of the 
land flood in case of the bunds on the right bank of the Damoodah being 
remo\ed, althouglircfeirmg to the case of the removal of the embank- 
ments on one side only, shows that the Embankment Committee of 1846 
wcie very much mistaken m imagining that on the removal of the bunds 
on both banks that it is altogether improbable that they [the floods] 
would ii&c above as many [2 or 3] inches ” 

155. The fact with respect to the floods on the removal of the bunds 
on the riglit bank appeals to be, that they will have an extiemc depth iii 
diflerent jdaces of fiom six to twelve feet, and a maximum velocity of fioni 
three to five miles an hour, the mean depth and velocity on the wdiole 
varying in different places fiom three to eight* feet fin the former, and 
from one and a half to tliree miles an hour for the latter. 

156 But though such a flood ivould be a teriiblo calamity to bring 
upon a country which had never before been subject to mundation, and 
though it would m such a case be necessary for Government to pay 
m most cases the full value of all the piopeity that wrould be endangered^ 
and to lemovc out of the tract liable to mundation all towns and villages, 
tlie cacc is very different with the tract of land on the right bank of the 
Damoodah. The country theie has always been liable to inundation. 
Captain Finnis, in his report of the flood of 1840, speaks of the countiy 
as bemg under water as far as the eye can reach ” Mr. Denton speakmg 


* The mean depth exceeds five feet only in one Section 
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of the country further south says that it was one sheet of water, and 
that the water from the Damoodah passed over the bunds of the Dalkissore 
into the latter nver”. The villages are believed to be for the most part 
on mounds from eight to fourteen feet high, safe from the floods 

157. Referring to the calculation of the capacity of the Damoodah 
Channel, to the discontinuity of the bunds opposite Burdwan, and to the 
above extracts from the reports of the flood of 1840, it appears evident 
that notwithstanding the breaches on the left bank at least 300,000 
cubic feet of water per second must, in heavy floods, have passed down 
the low land on the right of the Damoodah, the whole flood discharge 
being 600,000 cubic feet per second Supposing therefore, that, the 
bunds being m existence, half the flood would pass over the low land 
that was calculated for on the supposition of the right bank bunds being 
removed, the result as respects the flood level will be as follows — 

Flood Level 


Section 

Ilunds Beraninmg 

lliglit Bunds Bemovtd 

Dint*reno«» 

III. 

. .. 183 7 

185 4 ••*•... 

1 9 feet 

IV 

172 0 

1 74 0 ... ..... 

2 0 


V. 

155 6 

157 5 

1 9 


VI 

139 3 

141 2 

1 9 


VII 

128 0 ... . 

131 2 

3 2 


VIII 

115 3 

117 4 • 

2 1 


IX 

lOG 2 

108 4 

22 


X. 

.... 1019 

103 7 

18 


XL 

...... 91 9 ... . .. 

93 4 ..... . ... 

1 5 


XII 

87 0 

89 5 

25 

99 

XIII. 

. ... 82 9 

84 9 

20 

99 

158 

The effect of removing 

the bunds on the right bank, it therefore 


appears, will simply be, that the country will be mundated about two 
feet deeper than before, and the central bund being placed at the line 
at which the water would rise to two feet deep will leave exactly the 
same area of land liable to inundation. 

159. Whatever the agreement between the Government and land- 
holders may be on the subject of embankments, it appears clear that the 
compensation to be paid on the removal of the bunds from the right 
bank of the Damoodah need not exceed annually what has before been 
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accepted for a year of heavy floods. The floods will on the average 
be deeper, and more frequent than before, but will not often bo of the 
heaviest description, and in some years may not occur at all. 

160. The calculations on which the foregoing conclusions are based 
have (with reference to the rough data on which they are based, and 
the ordmary uncertainty which attends such determinations of the dis- 
charge of running water) no pretensions to accuracy. Their results 
can only be looked upon as safe grounds for the conclusions by virtue 
of the margin allowed for errors, and fiom the circumstances of the case 
which render a consideiable inaccuracy m the data, of very small con- 
sequence m the final result . for instance, in the calculation just made, 
it appears that a change of 300,000 cubic feet per second in the discharge 
of water makes a difference of only about two feet m the flood level. 

161. l^e margin allowed m the calculations was stated before the 
results were given, and amounts on the average to 20 per cent, of the 
flood discharge. This appears more than sufficient to cover the possible 
loss of water-way from obstructions such as village mounds, &c, which 
may exist between the Sections of which the areas were taken, and to 
leave some balance of inaigin for any other causes of error. On the whole, 
in particular Sections there may be errors of one or possibly two feet 
in the flood levels , but from the maigin allowed those arc more likely 
to be in favoi of the project than agamst it 

162 In allowing a continuous discharge of 600,000 cubic feet pci 
second, it is further piobablc that the calculated exceeds the actual flood, 
in which that rate of flow is probably only attained for a few houis now 
and then during the most violent pciiod of the flood. 

163 It remains to examine how far for the relief afforded to the 
country by the abandonment of the embankments on right of the 
Damoodah will be permanent. 

164. The flow of the flood-water over the right bank of the river 
will commence probably about Sungutgolah and will continue twenty miles 
down the stream. The water passmg over this bank will dimmish its 
mean velocity from about six or seven feet per second m the river to 
about three or four on the low country, and may possibly deposit J of 
its suspended matter m consequence. The deposits, which have raised 
the river’s bed lower down, do not, it appears from the lower Sections, 
extend more than two miles inland from the bank, consequently f of 
the sohd matter held in suspension by the floods naight possibly be 
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deposited on the right bank over about forty square miles. Referring to 
the former calculation on this subject it, will be seen that this would give 

12*75 

an average rise of the right bank of or about 0*32 of a foot per 

° ^ 40,000 ^ 

annum. Jhe diflerence in level between the right hanU and the lands 

on the left of the river appears on the average to be about eight feet, so 

that at the above rate the bank on the right would become as high on 

the bunds on the left m about 25 years on the average, or 13 years at 

the river edge of a sloping Section. The process might actually take 

50 or 100 years, or the deposit might form partly m another position, and 

after the bank had risen on the right m *the 20 miles below Burdwan, 

the surplus flood-water would still find a passage on tlie right bank 

lower down But however this be, it is plain that the removal of the 

bunds on the right bank of the Damoodah cannot be looked upon as 

a final measure. 


XT General conclusions 

165. The foregoing observations appear to show that no permanent 
or satisfactory improvement of the Damoodah so as to secure the countiy 
from floods can be made by confining the river between embanlcments 
on or within the sites of the present bunds, or between embankments 
retired to a greater distance, or by new channels. 

166. The other modes of remedying die existing state of things 
which have been mentioned are . — ^first, lengthening the course of the river 
so as to reduce the declivity, which the calculation of the cost of a 
channel to carry off only two thirds of the floods, for a length of only 
]5i miles, shows to be utterly impracticable ; second, by forming rapids 
or weirs, to reduce the declivity of the mtermediate spaces, which also 
appears impracticable owing to the great expense of the works carried, 
as it would appear they must be, over the rivers and streamlets of a very 
large tract of country, mcluding all bearing down sand to the mam river, 
and the measure when complete will only be preparatory to the final 
object, the improvement of the lower part of the Damoodah, and third, 
the construction of reservoirs. 

167. As the greatest floods of the Damoodah appear to last not more 
than four days, during which a discharge in round numbers of 200,000 
million cubic feet of water takes place, reservoirs to hold 100,000 milhoii 
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cubic feet would enable us to reduce tlie violence of tbe floods bj (me 
half when at dieu* greatest^ and altogether prevent danger to the country 
from the more moderate freshes. SO^OOO million cubic feet of the contents 
of the reservoirs might perhaps be retained at the close of the rains» and 
poured off gradually down the river in the dry season, which would not 
only serve in some degree to clear the channel of deposits, but would 
make it navigable.* There appears to be no doubt that sites for the 
rc 3 servoirst could be found m the country along^ the 185 miles of the 
Damoodg.h’s course (and 140 miles of the Burakur’s) West of Burdwan. 
The expense however of the measure would be great Colonel Dixon’s 
reservoirs m Ajmere and Mhaairwarrah cost (mcluding masonry dams, 
escapes and sluices) Rupees 150 per million cubic feet of water, wluch 
for the 100,000 millions to be retained would come to one and half crores 
of Rupees as a first cost, and would besides require further works on die 
rivei, and considerable annual charges. Such an expenditure may be 
thought too great to be laid out on the improvement of the Damoodah 
alone, and the practicability of this scheme seems therefore to depend 
upon the possibdity of getting the water used for irrigation, and adequately 
paid for by the cultivators. At all events an immediate remedy for the 
present state of things does not appear practicable m this way. 

168. No immediate permanent and complete remedy for the liability 
of the country to disastrous floods appearing possible, nothing appears 
to be left but to adopt Lieutenant Beadle’s scheme of applying a parti^ 
remedy in removmg the b^ida from the right bank as discussed in 
Section X of this memorandum. It has been shown that the injury 
which will be done to tlie country on the right of the Damoodah by the 
adoption of this scheme is by no means likely to bo so great as has been 
suj)poscd, and that the country on the right bank will not suffer much 
more from the heaviest mundation, after the removal of the right bank 
bunds than it always has done hitherto, but the mjunous effects of 
moderate floods will bo somewhat greater, and they will more frequently 
inundate the country. 


* 50,000 million cubic feet, or one day’s flood at 600,000 cubic feet per second, gives 
a discharge of 2,000 feet per second, for 300 days. 

f At an average depth of 10 feet, they would occupy 370 square miles of surface aoout 
one-twcntieth part of the drainage area of the rivers, or less if a greater avera^ depth 
could be got. 

It 
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16^. The measuie, it has been seen, will not afford any considerable 
increase of secnrily to the country on the left bank West of Bnrdwan, 
in which portion the bunds must be strengthened; but from a few miles 
East of Buidwan, downwards, the country on the left of the Damoodah 
will be oompletely protected from the inundations of the nver, and the 
cost of the works to be constructed is very moderate. 

170. It is true that we cannot calculate upon permanence in tlie 
improved state of things on the whole which will ensue; but as the 
improvement will in all probabihty last for many years, and there 
will be, meanwhile, opportumty afforded to watch the effects of the floods 
and to devise further measures, which may result in stdl greater improve* 
ment, this objection appears to form no reason why the measure of relief 
afforded at so small a cost should not be at once apphed ; such at least 
appears to be the conclusion as far as En^eenng considerations affect 
the question. 


XIL Speeificaium of the vwrhs reqmred. 

171. If the Board approve of those views, the following are the works 
to be recommended. There appears to be no reason why they should 
not be completed in one season, and if estimates be considered necessary, 
they might at once be called for, so that the work, if sanctioned, may be 
put in hand early after the ensumg rams. 

(1.) The formation of a flood channel contained between bunds 
right and left of the Roopnarain to carry off the flood water from the 
country between Omptah and Gkiopeegnnge with safety to lower 
Mnndulghaut. Sections' of the country should be taken, running East 
and West from the Damoodah across the Roopnaram, and three miles 
beyond it, the Sections bemg about two miles apart. 

These Sections should be connected by a Ime of levels down the 
Roopnarain, and should terminate South, where the Section of the river 
(making allowance for tides) becomes sufficient to carry of 800,000 
cubic feet of water per second. Above this the bunds should be laid 
out BO as to carry off in the channel between them, and with the 
assistance of the river, the same quantity of water without inundating 
the country to a greater depth than eight feet at the line of bund. A 
map dktmld be drawn, showing the levels, and the lines of bunds (on 
both sides of the Roopnarain) proposed for adoption, and the improve- 
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ments required to existing bunds^ as also the position and the extent 
of the villages to be removed into protected ground. 

Copy of the sketch-map and the portion of this memorandum referring 
to the work should be furnished to the Executive Officer. 

(2.) The construction of the central bund. The Executive Officer 
should be supplied with a copy of the sketch of this on the map of the 
survey, and with the levels where the line crosses the Sections of the 
country. He may be desired to fill in the details, giving the crest a 
regular dcchvily between the fixed points of level, and placing the 
embankment on the best line, chosen after personal examinatiou of the 
country. He should supply the necessary dramage sluices. 

(3 ) Removal of the bunds and other obstructions to the escape of 
the water over the right bank of the Damoodah, from a little above 
Sungiitgola to about 10 miles below Burdwan, that is, to the angle where 
the river turns South. For this distance every thmg should be removed 
which will afford obstruction to the water in reaching the low ground 
South of the river; but if motives of economy or considerations connected 
with the convenience of villagers should require that any mounds or 
other obstructions be left, the Executive Officer must make up for the 
loss of water-way by carrying his operations further down the river, so 
as to have at least 20 miles of clear wateivway over the right bank 
between the site of the present Sungutgola bund and ihe termination of 
the clearance. 

172. A Report on the bunds on the left bank from Burdwan West- 
wards, with the necessary levels of the orest of the bimds, the river, and 
the adjacent country, appears to be required to show what further 
measures may be necessary to secure the protection of the country from 
floods. 

173. Copy of the map and such portion of the foregoing information 
as may be useful to the Reyenue Officers, may be sent to the Board of 
Reyenue. 

(Signed) C. H. DICKENS. 

28 f A November 1853. 


(True Copy,) 

O. H. DICKENS, . 
Offg. Assistant Secretary, M. 
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Extract of Cohmd SinCs Heport on the Cokroon Annie ids, dedal \&th 
July 1839. Madras Engmecr Papers, page 131. 

The river Cauvery, which has its source in the Western Ghauts, and 
flows past Seringapatam through the Mysore and Baramahl countries, 
separates into two streams at the island of Seringham ten miles to tlio 
West of Trichinopoly, and about hundred miles &om the Sea. The river 
above the point of separation is termed the Agunda (broad) Cauvery , 
the Southern branch, which flows through the Tanjore IVovince, the 
Cauvery; and the Northern branch, the Oolcroon. The latter river, 
which is considerably the larger of the two, and irrigates a comparatively 
small portion of country, has a free uninterrupted passage to the Sea, 
continuing throughout its course a large and powerful river, while the 
Cauvery at the distance of twelve miles from its head, begms to tlirow off 
branches, some nearly as large as itself, and is speedily reduced to an 
insignificant stream by the endless number of channels and water-courses 
which are drawn from it as it proceeds, for the purposes of irrigation. 

The current of the Coieroon, from its straight and free course and 
ttie size of its stream, is sufficiently powerful to preserve its cliannel 
comparaUvely clear, and great part of the mud and sand with which 
its waters are charged; are carried into the Sea, formmg opposite to its 
mouth, an extensive bank known by the name of the Coieroon Shoal. 
But the Cauvery is very differently affected. Bemg the smaller river, and 
flowing on a high level, banks of sand are left at its souice after every 
fresh; its stream diminishes in size and velocity very quickly; and the 
sand and mud carried into its channel are deposited as soon as its water 
becomes tranquil, forming extensive accumulations along its course 
which obstruct and retard its current It is manifest that the inevitable 
consequence of this state of things must be the progressive rise of the 
bed Cauvery, and necessarily a progressive diminution m the proportion 
of water which enters m at tlic separation of the two streams, terminating 
ultimately in the annihilation of the river, if notlung intervened to 
modify and retard these effects. It may indeed appear wonderful that 
tills catestrophe has not arrived, considering the very great quantity 
of earthy matters brought down by the river durmg freshes, of tlie 
octent of wliich some idea may be formed, from the size of the shoal 
opposite to the mouth of the Coieroon. Colonel Caldwell, who first 
examined the rivers with care m 1804, was forciblj struck with the 
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unusual character of the Cauvery, and predicted its total anniliilation at 
some future period^ unless the river could be restored to what he believed 
to have been its original condition. But the evil, though progressive, is 
much slower than might at first be expected. The sand and heavier 
ingredients are deposited m the bed of the river, but a considerable por- 
tion of the firm soil, from its less specific gravity, remams longer in 
suspension, and is ultimately earned into the smaller channels, and from 
them into tlie rice fields, which it greatly enriches. A part of the sand 
is also occasionally removed by manual labor from the bed of the river, 
but the most powerful remedy in this as ip other cases, is provided by 
Providence, which has so ordained that evils when they attain a certain 
height often work their own cure. In the present case, as soon as the 
channel becomes so much choaked with sand that the stream is greatly 
obstriK ted m particulqj: places, tlie first unusually high flood, and such 
floods seem to occui* once every ten or twelve yeai’s, never fails to over- 
flow and destroy the banks in many places, and through the breaches 
an enormous quantity of sand is swept, and the bed effectually cleared 
and deepened for miles. Those remedies, it is true, are irregular and 
partial, and accompanied offen by extensive loss of property, and damage 
to the country , but they have had the effect of hitherto retardmg the 
consummation of a much greater evil. The channel of the Cauvery 
has, however, contmued to rise, notwithstanding occasional mterruptions 
from the above causes, and with it, the adjoining land on both sides has 
also been raised, by slow but constant accumulations of soil deposited on 
it from the nver through breaches, by manual labor, and the sediment of 
the muddy water of the freshes, so that the course of the river to the 
sea is now along nearly the highest ndge of land in the Delta, instead 
of havmg followed the lowest as is the case with rivers generally. The 
land, no doubt, was origmally the lowest, but it has gradually been raised, 
and the river with it, by the causes above specified. 

(True Extract,) 


C. H DICKENS. 
Assistant Secretaryy M. B 
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COLONEL GARSTIN’S MINUTE. 

\_On tlve Supenrtt^nding Engineers^ Inspection Rep(yrt'\ 

As &r as the maps go^ 1 can follow Lieut-Colonel Goodwyn m his 
descriptions of the state of the embankments^ but from Muskara no 
plan or map has been sent showing the Znmeendaree Embankments^ so 
that I cannot follow that part of the report properly. 

The 9th para, is the first which requires notice^ not that I am prepared 
to say that the line of New Embankment from Jalalpore to the Ganna 
Nuddee is the best, but I am of opmion that Lieut.-Colonel Goodwyn 
is not right in wishing to have the embankment too close to the river. If 
there never had been any bunds and new ones were to be made, I would 
place them as m the margm one mile or more from 
the nearest pomt, thus giving an ample margin 
in addition to the bed for flqpds which would then 
only impinge very obliquely on the bunds, con- 
structed as they now are, they must constantly be 
perpendicular to the couise of the river at some of 
its greater sinuosities. It is true a good space of 
land will always be inundated if made as m the 
margin, and no villages should be built there, but 
the land is so well manured by the deposits that 
it is more profitable than that behind the bunds 
and gradually rises. In the present case I admit 
Selimabad and Jumalpore are not protected by the 
new bund, and it may be worth repairmg the old 
bunds and sloping the banks to protect these 
villages. In Lieut.-Colonel Goodwyn’s plan of 
this part, the village of Jumalpore is most accurately laid down, and 
shows at least that that portion of the bund could not have been taken 
nearer the old bunds with safety, and by an article m to-day’s paper, 
contradicting the lies in a former paper, it is most distinctly stated that 
the new line was taken to save, if possible, or, at any rate, to avoid pulhng 
down houses, temples, fillmg tanks, &c., as long as it could be done. Why 
the old bund on each bank of the Ganna Nuddee stops short as it does m 
the plan I cannot understand, it might be contmued to join the new bund^ 
If the bund behind Jumalpore could not be carried furtlier m advance, 
it is probable the bund across the nullah could not have been placed m a 
better position, but this requires a local knowledge I do not possess. The 
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old bund, if continued to the new one, or right bank of the Canna, might 
in a slight mundation stand, but &om its position being so very much 
exposed to the whole force of the river, it probably would give way even 
if no other bund was breached, but on the opposite or left bank of the 
nullah it might protect all tliat land between the old and new bunds from 
the back water. 

It IS unnecessary to follow the report paragraph by paragraph, because 
local knowledge alone can decide what is required at each place, and we 
must not foiget that what would be perfectly right if it was a new 
question of bunds, may not now be always just. 

I do not approve of the lines of new bund constructed last year from 
Culna to Debdara and feom Debdara to above Mohunpore, the Ime 
should have been straight from Culna to near Mohunpore, for the very 
reasons stated in 11th para., the points of junction of the old and new 
bund bemg very weak. The breaches in the portion between Mohenpore 
and Nissendpore were probably cut as they are situated where no direct 
action of the river could take place. The line from Dagrah to Mohun- 
buttee should, if not earned straight to Champadungah, at least follow 
the dotted hnc, avoiding the sharp angle at Mohunbuttec. The very 
narrowness of the river between the bunds at Suntospore shows that 
even the freshes, where runnmg straight with the bunds, do not break 
them when properly made. How so large a space and so far from the 
edge comes to be without any embankment as appears to be the case at 
Die Tigree I know not The new Ime from Cliampadungah to Muskara 
runs very nearly parallel to the course of the river, and needs no remark ; 
but the bunds on the Mundorca Nullah are the most extraordinary bunds 
I have seen, evidently made by the Zuineendars to include particular 
fields, whereby twice as much work lias been done as would have been 
required had they been made straight , and so many more weak points 
created, for when the inundation came it would find hundieds of small 
points opposed to it directly, though the whole line is oblique I this shows 
that no Zumeendar should bo allowed to make any bunds. It also 
appears that from Akna there are no more bunds on the right bank of 
Damoodah, and at Bajoipore, no more on the left bank of the Damoodali 
Khal, and at Subainpore, on its right bank, and at Hurripore, on the 
Gojah Khal. 

I have no doubt that the remarks on the right bank of the Damoodah 
are correct as well as those on the portion of bunds in the Midnapore 
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Jistiict, but having no maps showing tlie bunds in Midiiaporc, and not 
knowing the localities^ I cannot judge, and I can only say that Colonel 
Goodwyn’s description of them is very bad, and I should call on the 
Officers in charge to account for this, particularly as far as it refers to 
the Zumeendaree bunds which are under their mspection, and I would send 
this part of the report to the Board of Revenue, and suggest that all 
Zumeendaree bunds be transferred to the Executive Officer, and those 
not reqmred levelled, and that in the new Regulations a clause be 
inserted strictly prohibiting the construction of any bund without the 
previous sanction of the Executive and Superintending Engineers. 

So much for Part 1st of LieuL-Colonel Goodwyn’s report. I am not 
aware of any tributary stream entering the Damoodah below Burdwan 
till near Bandah where the Damoodah Khal, which may have received 
water from the Dalkissore, rejoins the Damoodah and the Mandona 
Nullah at Omptah, and the Musraka at Musraka, the two latter being 
merely large drains of the country and not, like the Damoodah, rivers 
rising m lulls and subject to great and sudden rises called freshes. 
Lieut-Colonel Goodwyn’s 5th para.. Part 2, is at variance with his line of 
argument for keeping up the bunds on both sides, for the greater the 
body of water admitted and the more sudden its admission, so much more 
likely, according to his argument, would it be to scour the bed, and 
sluices would prevent this on the large scale, though they might increase 
it for a short distance and in a short breadth. There can be no doubt 
that sloping the bank will prevent its bemg undermined as steep banks 
are, but still they will be liable to erosion. No bund can be made in 
one year, however well constructed, it will sink a fourth or fifth , if con- 
structed in moderate ram, it will be better consolidated than any ramming 
could do, but earth-work cannot be raised in excessive wet weather, nor 
will a bund that has not got dry to its core resist the action of water. 
The proposed plan for ascertammg the flood level is an excellent one and 
does great credit to his ingenuity, and, if well made, must give correct 
results. The question of the Zumeendaree Embankments is one tliat 
must be qmckly settled, and is not unfairly put m the report, and it is so 
obvious, that, until this is put an end to, no dependance can be placed on 
Government Embankments, which must fail if the neighbouring bunds 
fail, or at any rate they are useless if the country is to be flood^ from 
the neglect, avarice or parsimony of the Zumeendars or Putneedars, who 
get a remission of revenue for keepmg up the bunds, but do nothing. 
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So inucli for the preliininaiy remarks on the loport I now pioce^d to 
tlie 3r(l i)art which contains the pith of the whole matter, real 
question is as to the policy is keeping up Embankments and the best 
way of doing it under present circumstances. The first point has been 
agitated fiom tune immemorial, and is yet as far as ever from a satisfac- 
tory decision Volumes have been written, and the most contradictory 
asseitions made, and conclusions drawn from them, with the most perfect 
conviction of their truth, yet it is evident all cannot be right ; the fact 
that no rule or law has been discovered by which the effects of running 
water can be calculated, and the utter impossibility of foreseeing the 
results when an accumulated body of water breaks the obstacles which 
retained it, has led to much discussion, and various plans to try and 
1 emedy the evils consequent upon these accidents, and as in every instance 
these have arisen fiom some local circumstances, so localities themselves 
have had a greater or less benefacial or mimical effect on the schemes 
proposed. 

The question as it now stands in regard to the Damoodah bunds is 
not a simple Engineering one it is affected by the artificial interests 
which have sprung up by the advance of society, the increase of popula- 
tion and commerce, &c , and the threatened destruction of tlie town of 
Buidwan, the Grand Trunk Road, the Rail Road, and the silting of the 
River Hooglily by which the external commerce of the country reaches 
Calcutta , these are objects of so much importance that they may force 
the continuance even of a vicious system. 

Three principal pioposals have been made regarding the bunds of this 
nYGi—^rbt, to destroy all above the reach of salt water, secondly ^ to abolish 
those on the right bank, in order to protect Buidwan, the Grand Trunk 
Road, the Rail Road, and the llooghly , and tUn dhj and lastly^ Lieut- 
Colonel Goodwyii’s project to raise such efficient embankments on both 
Sides, that the river shall be forced to carry all its water and detritus into 
the Hooghly at Rultah. 

Now let us examine what would be the probable effect of each of these 
plans, and m order to judge of the probable effect of the fiist, we will look 
to other nvers, in this country, rising almost at the same spot m the same 
mountainous tract as the Damoodah, and in other localities of a similar 
nature, and consequently all subject to the same laws. 

The Soane, the Morhur, the Fulgo, the Poonpoon, and other smaller 
streams rise nearly together and close to the source of the Damoodah, 

s 



and .after heavy contimied rain invariably rise over their banks and 
cause inundations ; the Ganges, Goosey, Mahanuddee and Burrampootra 
and a number of smaller streams all rise in the Himalaya chain, and are 
therefore equally subject to the same laws, and inundate the country 
they flow through, yet none of these are bunded ; and what is the 
consequence ^ The villagers know where, and to what extent, the waters 
will rise, and are prepared for it, and little or no mjury is done to the 
country, for the waters run off as quickly as they rise, and leave a rich 
deposit behind them. If we look at the map we shall find the Dalkissore 
and Roopnarain and various other streams rim, I may almost say 
parallel to the Damoodah, and rise in hilly districts, and they are not 
bunded ; yet the country is well cultivated and populous, and no claims 
for remission of revenue arc ever made m consequence of the annual 
inundations. It therefore is doubtful whether the Damoodah embankments 
have not been very injurious to the country, from confining the large 
body of water till it has risen high above the level of the country, and 
until it bursts the bunds, and causes great loss of life and property to 
individuals, and revenue to Government. 

In 1850, when two extraordinary inundations took place in the G^j^’a 
district by the overflowmg of the Morhur, Poonpoon, Fulgoo, &c , carryuig 
away the part of the road between Gya and Patna, I had an opportunity 
of seeing the country just as the waters subsided, and I inarched not 
only along the whole road to the Grand Trunk Road, being thus enabled 
to compare the country on each side of the road, but across from Gya 
to Tiparee and thence round to Patna, thus twice ciossing the whole 
breadth of the mundation, for the whole of this tract except villages had 
been more or less under water, but as there were no bunds until we 
came to the road (which was de facto a bund). The waters spread quickly 
over the country, and the inundation though from ten to twenty miles 
broad was shallow, and with very little current except in the beds of 
the rivers, so that it did no injury, not even destroying tlie rice crops, 
and I was forcibly struck by the fact that where no obstacles opposed the 
flood, few marks even existed of its having passed over the country. 
The road was, however, totally destroyed, as the inundation took a turn 
direct on the road, which stopped the water till it collected, over- 
topped, and destroyed it, and several of the bridges and drains. In 
1821, the Burral river burst its bunds between Nattore and Bauleali, 
and I was sent up to report on it, and recommended the abandonment 
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of the bunds^ and that large breaches should be cut at short dist^ces 
to allow the water to flow freely over the country, and that^ notice 
should be given that the bunds would be abandoned at once ; this was 
done, and the efiects were that the villagers knowing where and to what 
extent the next year’s inundations would reach, were prepared against 
it, and no complaints or remission of revenue have since taken place. 
I had an opportunity in 1841 of examining its effects over a large extent 
of country after 20 years, and found large tracts had been raised, and 
in some places mulberry trees were growing where formerly rice grew, 
and there can be no doubt that, with skill and capital, vast tracts of 
jheel and swamps might be gradually reclaimed, by retaining the water 
at certain seasons until it had deposited its silt, and then letting it off. 

Here we have two instances in which I have seen and remarked 
the result of inundations of rivers without bunds similar to the 
Damoodah, on a large scale, and it would be very easy to carry this 
comparison all over the country, for except the Gunduck and the rivers 
m the districts about the Damoodah, and in 24-Pergunnahs, and a part of 
the Bagaruttee, and isolated parts of the Ganges, I am not aware of any 
other bunds in this part of India, yet we all know how the Burrampootra, 
Ganges, Goosey, Mahanuddee, and many other rivers annually flood their 
banks to a gi eater or less extent, and no damage is done by it To 
show how the natives 'will protect their dwellings, I need only say 
that, going from Dacca towards Tipperah, near Naraingunge, we see 
villages raised as the Burmese houses are (and as is common in Assam) 
on posts, and the river flowing under them many feet deep. I mention 
these circumstances to show that if proper notice was given of the 
abandonment of the bunds on both banks of the Damoodah, it is not 
likely to be attended with any disastrous effects either to the country 
or its inhabitants, and I am of opinion that considering the immense space 
of country on both banks over which the waters would simultaneously 
though gradually spread, that even when the waters reached the Grand 
Trunk Road or Railway, they would be so shallow and have so little 
current that they would cause no damage to either. 

There are, however, other arguments which must be exammed, and on 
which much stress is often laid, and effects attributed to theia which are 
very doubtful. All nvers hke the Damoodah, rismg in hilly countries, are 
liable to sudden rises after heavy ram m the hills, and they then bring 
down stones, gravel, sand, and silt , the first seldom go far, nor does the 
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coarse gravel, but the sand and silt are carried to the Sea. Now althougli 

this IS an undisputable fact, it must not be supposed, that the sand is 

earned down at once, for, on the contrary, any body watching the shifting 

of the sand banks in the Ganges, will see a large bank disappear one day 

and another will bo formed a few miles lower, and contmue perhaps for 

years , but every year, and often at all seasons, similar changes take place, 

but particularly m the rams, when the rivers bring down an immense 

body of water and have a rapid current, tliese shifting of their beds are 

constant , and thus the sands are gradually pushed on to the Sea, and often 

the slightest obstacle will cause a total change of the river’s course. 1 
* 

cannot give a greater proof of tlus than what occurred a few years ago 
in the Burrampootra at Jumalpore. At thi& part the river took a sudden 
turn, very like that of the Damoodah at Selalpore, sending off a small 
branch called tlie Jenai, but the principal body of water went past 
Jumalpore and Mjmensing, and so down towards the Sea, and it was as 
laige a river as the Ganges A boat was accidentally sunk nearly at the 
tuiTi, and an immense sand formed over it, and the great body of the 
Buiiampootra now runs down the Jenai, and I have walked dry across 
the old bed of the river between Jumalpore and Mymensing in the cold 
weather, though in the rams of com se a good deal of water still findi 
its way down the old channel I said that tliese sands were seldom 
larried far at once, and aie geiieially deposited in the river’s bed, and not 
on its banks, except wheie bunds have been formed If any one will 
take a bucket of Ganges water, or even Hooghly w ater, in the rams, and 
allow It to settle, they will find little or no sand in it, tliough about two 
cubic inches of silt m one cubic foot of water, because though held 
susj)ciided m the water during its freshes, the sand is never at the top 
but always low down, and it is only where sudden turns of the river 
force the mass against the bank that it has a tendency to throw some 
sand over the bank, a caiefiil exammation of other unbunded rivers will 
clearly establish this, and if we examine the Section of the river’s banks, 
we shall generally find them pure sand below, and the deposited alluvial 
soil or silt above, whicli m time becomes cultivated. 

Lieut -Colonel Goodwyn quotes Major Rennell to show that inundating 
rivers the highest parts of tlie tracts through which they flow. 

Major Rennell was a great man, but I do not admit this fact as established 
even on his authority, for it is positively against the nature of water 
which seeks thelowc&t levels, local circumstances may occasionally for 
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a time force a torrent over ground that is not the lowest , but the cause 
of the banks of rivers being generally shglitly higher tlian >iie land 
further off is (and would be the same if the river flowed as they generally 
do through the lowest level) correctly stated, and the silt is deposited as 
soon as the water rises above its banks, because it is shallow and its 
velocity decreases, and this depositing of silt always commencing at the 
edge of the river, and decreasing as it extends, naturally alters the level 
of the country slightly, but I am not inclined to admit that the Damoo- 
dah being higher than the Hooghly oi Roopnarain, is a natural fact, but 
that it IS tlie probable effect of the system of bunds which have for so 
long a time existed on it, and the destruction of the road near Oolabana 
quoted by Colonel Goodwyn, aiose from the bursting of the bunds when 
they had raised the level of the river high above the adjacent country, 
had tliere been no bunds, the load would not have been injured by a 
simple inundation 

I perfectly agiee with Major Baker that it would be dangerous to 
admit the water of the Damoodali into the Hooghly, and my reason for 
opposing the cutting of the Canal from Selalporc diicct to the Hooghly 
(proposed by the natives who ottered to pay for it) w^as, that tlie sands 
brought down by that iiycr would be deposited in the Hooghly and 
destroy the port of Calcutta That such w ould be the piobablc effect of 
admitting the waters of the Damoodali into the Hooghly, either abo\e or 
below Calcutta, is moie than probable, foi, judging by the effects of letting 
the Ganges into the Bhageeiuttee at Sootie, and the increased quantity of 
sand biouglit down by the Adji in consequence of the clearance of the 
Jungle Mehals, similai lesults though m a much gi cater degree would 
follow tiie admission of the Damoodali History tells us that 100 years ago 
Admiral Watson took a 64-guii ship up to Chanderiiagore, (with difliculty, 
it IS true, but he did it,) now a small brig could not get up, for a large 
sand bank has been formed opposite Chandernagore, another near 
Barrackpore, and othcis m other parts, a similar deposit no^ covering 
with silt has been formed opposite Shalimar and the Bishop’s College, and 
in various other parts of the liver have changes taken place of late years 
owing to the sands now brought down and deposited in the Hooghly in 
greater quantities than formerly 

I admit that the James and Mary is formed by the collision of tlie 
waters of the Hooghly and Roopnarain, the foimei, however greatly 
assisted by the Domoodah in tlie rams, when it brmgs sand with it, and 
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forcing the current of the Hooghly to the left bank^ instead of allowing 
it to go fairly down its whole channel, and aided by the projecting left 
bank, making the opposition of the rivers more direct, and causing a 
great back water between the Damoodah and Koopnarain under the 
right bank. Moreover, the changes at tins point are now so constant, that 
it 13 daJy surveyed, and no Pilot is allowed to quit Calcutta without 
seeing the last survey report. The sands on it are said tp be quicksands. 

The second proposition is to abolish the embankments on the right bank, 
BO as to allow of a great and free dispersion of the water over the right 
bank, and, by strengthening the bunds on the left, to protect the portion 
of the country which has suffeied so much when the bunds gave way, 
or were cut, and by which the Grand Trunk Road was rendered impas- 
sable, and bridges destroyed, and winch, it is apprehended, would also 
injure the new Rail Road , and there can be little doubt, that if the bunds 
on the left bank, are made of a proper Section, and the banks sloped off 
these measures would be sufficient. The necessity of sloping the banks 
IS evident from the fact that the bank being sandy below, with a bed of 
soil above, the water penetrates and saturates the sand, till it is incapable 
of supporting the superincumbent weight of earth, which then falls in ; 
and the erosion of the bank adds largo quantities of sand to the existing 
obstructions in the river, and in addition to what the floods bnng down. 

Now, from the remarks of the Superintending Engineer in his Report> 
it is very evident that the bunds on the right bank are not, and never 
have been, in a proper state to resist the inundation, and have always 
been easily breached, and that the Zumeendaree or Kurritah bunds, can 
scarcely be said to exist at all, consequently the total abandonment of the 
bunds on this side, cannot be attended with that hardship that might have 
been felt, had they always been kept m an efficient state ; besides though 
the country is populous and well cultivated^ but little mischief will follow 
the destruction of the bunds, whilst there are no large and rich towns like 
Burdwan,^and no important public roads like the Grand Trunk Road, or 
Rail Road, requiring defence , and if any sand was carried into the Dalkis- 
Bore or Roopnaram, it would not mterfere with the navigation of those 
streams, for only a few small boats, and those chiefly for fishmg, exist 
on them ; and there will be less fear of the sands of the Damoodah entering 
the Hooghly. If such a misfortune occurred, m a very few years, not a ship 
would be able to come up the Hooghly, and Calcutta would be ruined as a 
jiort, and great injury and loss would accrue to the commerce of the country. 
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It is connected with tins scheme that the proposed cut from ^ngut- 
golah to Jumna was ordered by the Board, to take the set of the^urrent 
from the left bank on which it impinged directly at Ragubpore, and 
where it is within a few feet of forcing its way into the Banka Nullah, 
which flows through Burdwan, and, if this occurs, the probability is that 
very great changes would take place m the Banka Nullah, and in all 
probability the town of Burdwan would be destroyed. It is useless specu- 
latmg on what might occur to Burdwan, in such a case, as it is impossi- 
ble to do more than guess at its probable results ; however I conscien- 
tiously think, every thing should be done to pi event it. Now the piling 
made in front of the bank at Ragubpore, is so directly opposed to the set 
of the river, that it is neither impossible or improbable that it may be 
carried away, it may be strong enough to resist the force of the stream, 
but the bed being sandy, it may not be able to resist the river, when it 
scoops away the sand of its bed, m which the piles are driven, and, this 
was one of the objections to Lieut.-Colonel Goodwjm’s bund ; it would 
have been equally and directly opposed to the river with only two feet 
foundation on the sands, and nothing to prevent the river destroying its 
own bed. Its cost, too, was to be Rupees 4,50,000, whilst, I believe, the 
cut proposed by the Board would not have been Rupees 80,000, thouo^h 
we said Rupees 150,000, taking a wide margin. Again, in regard to the 
proposed cut, I am satisfied the Superintending Engineer, did not begin 
the work in the proper place, the line laid down by the Board on the 
map would have earned the cut to a natural water-course, which lying 
in a valley, would very soon, and at no expense,"' have made itself a 
sufficient channel to carry off' a large body of w ater. However the thing 
lb now of little importance. Government having decided that it should be 
abandoned. The bund across the Ganna Nullah should be cither made a 
puckah escape dam, or else the bund should be so strong, and carried 
so high over it as to form a continued bund, with those on the sides, and 
prevent any water gomg o\er in that direction. 

We now come to the third or last project If a breach in the bunds was 
an impossibility, then Colonel Goodwyn’s plan would be excellent, but 
whilst slight accidents (even a rat-hole) render bleaches constantly liable 
to occur, (leavmg out the other objections attendant on it,) the remedy as 
proposed is, I think, woise than the evils it is intended to avert In my 
remarks on the first part of this report I have made some observations on 
the new Imes of inner bmids which are decidedly better than the old 
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lines following tlie sinuosities of the rivers, though I do not altogether 
approve of them as I think they would be better if earned straighter and 
farther inland. The objection made by him, that making the bund far 
inland leaves a considerable space entirely exposed to the floods without 
any protection, is quite true, and it would be advisable to remove all 
villages inside of the line, and for a time at least, some inconvenience 
might be felt by those so displaced, and perhaps some rice lands would bo 
lost, for that species of cultivation ; but so near such a market as Calcutta, 
this would be amply repaid by the increased fertility of those lands caused 
by the deposit of silt, winch would enable their owners to grow various 
other crops after the rains, which would be more productive than rice , 
and it is also necessary to put the bunds some distance from the edge of 
the river, to assist m relieving them of the weight of the increased body 
of water suddenly accumulated, which, it is evident, will be better done 
the further they aie oflF, loi the aiea of the space above the bank, and 
between tlie edge of the river and bund, will probably be fully equal to 
the Section of the river m its bed, and consequently double the latter, 
whilst the rush of the inundation would act obliquely on the bunds, 
whereas at present, at every sudden turn, the river comes down perpen- 
dicularly on the bund, and when this is close to the bank, it must be very 
strong to resist it, and generally gives way. 

The river may be clear enough, and totally free from sand, in the cold 
weather, higher up, and where the sticam docs not run under the bank, 
but between beds of sand, it will not coirode its banks. Colonel Goodwyn 
IS, I think, mistaken as to the effects of the confaiimg the river m its 
freshes. 

In the first place it will have a great increased tendency to disturb its 
own bed, nor will this prevent its depositing the sand thus raised, for 
this substance is not held m solution, but m suspension, and the coarser 
particles arc at the bottom, and naturally from their own weight are 
inclmed to settle at almost every turn of the river, indeed, wherever there 
IS a back water, there will a deposit immediately take place , or where any 
obstacle, such as a tree or sunken boat exists, a bank will often be formed 
in an incredibly short time ; supposing the bunds made as suggested, it is 
highly probable the sand would be carried quicker to its end, but still not 
at once as he supposes, indeed he confirms what I have said, for mstance in 
his 7 th para where he refutes the assertions of the annual rise of 7 inches 
m the bed of tlie ri\ei , for he admits the sands wlieie the Sections had been 
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taken had shifted to be replaced by others^ and this is exactly the way in 
which, as I had observed, the sands of the Ganges were gradnally^carried 
on, till they reach the sea ; but in all tidal rivers where the tide meets the 
freshes, deposits are more quickly made, and on a larger scale, and often 
as rapidly removed, as are instanced in Edmonstone’s Island, and the 
large Island thrown up in the Auckland Channel. Now although if 
these bunds were formed, and stood firm, the shiftings and transport 
of these sands along the bed, and to the mouth of the river, might be 
accelerated, (and if there were no bunds they might be retarded,) of what 
consequence would this be ^ If the river was navigable, then I admit it 
would be an object to keep it open, but the Damoodah never was, and 
never will be, a navigable stream, it is literally nothing but one of the 
great drains of the country to carry off and disperse the waters which 
invariably fall in hilly countries in greater quantities than m the plains, 
and bring down large quantities of silt, as well as sand, which helps to 
fertilize the land, and forms Islands in the Sea, which recedes as the land 
advances. Now it is well known that, since the bunds have been made on 
the Gunduck, whenever there has been no breach on the bunds, (generally 
when the rams have been scant,) many of the wells m Sarun were very 
short of water in the hot weather, and in many parts, lands, which 
benefited by the inundations in former years, are not so productive as 
formerly, the natives rarely manuring any but their poppy, or mulberry 
fields, and the heavy rams of this country with the overflowing of rivers 
alone enable the lands to imbibe and retam a sufficient quantity of mois- 
ture to render them productive, otherwi|ie they would, from the great heat 
of the sun, become barren and soon burnt up. 

The volume of water tliat passes down, is more a matter of curiosity, 
even if the calculation was correct, than one of any utihty m the present 
instance, and the velocity of its current might (depending as it does on 
its fall) become a matter of importance were the waters of the Damoodah 
required for irrigation purposes, as in the Upper Provinces , but this too 
is not the case here. From the information now obtained, dividing the 
river into four parts, it is easy to see that in the first the current must, 
from its greater slope, be more rapid than in its second portion, but as this 
is on an average twice as broad as the first part with half its fall, the 
body of water flows off at nearly the same velocity, for the velocity 
is as the versed sine of the slope, and the pressure of the rear water is 
dimmished according to its slope, for were this not the fact, m the third 

T 
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part lyhen it contracts to one quarter of the breadth of the second, it would 
run with four times the velocity, but as the slope is diminished again about 
one-half, the current does not in fact very much increase in its velocity 
there. 

In the fourth part, it is tidal, and there is unquestionably an under- 
current always running down, even when the upper or tidal current runs 
up, and it is evident that in the rams though the tide does not rise at the 
top, and ships generally swing to it, yet so small a body of water comes 
up with the tide, that when the freshes are strong, the upper surface is 
not able to make large ships swing, their lower parts being acted on more 
powerfully by the under-current, which carries the sand m suspension 
towards the Sea. 

I have exammed the Po, and in the summer, the bed of the stream is 
not raised above the adjacent land : it is m winter, or after heavy ram, 
even in summer, that it rises nearly to the top of the bund. Now the Po 
is not a larger river than tlie'Damoodah, but deeper, and flows not 
through sandy plains, but through some of the most fertile soil m Europe, 
yet the fact is not to be disputed that the river, and its tributaries do 
carry sand, and deposit it in its bed, though very slow ; or why have the 
embankments been gradually raised^ Now if Colonel Goodwjn’s theory 
is correct, this would be impossible, for not only are no waters drawn off 
from it, but it receives a great accession of water from its tributaries, of 
which the Reno, Savena, Idice, Silaro, Santerno and Senio, are all of 
considerable size, besides several other torrents. Consequently the Po, 
with so great an advantage m the^ immense accumulation of water m its 
freshes, ought not only to keep its bed clear of deposits, but actually 
render it so much deeper, as to reqmre no bunds at all, yet this is not the 
case, it has bunds, and these bunds arc constantly increasing, and its bed 
is full of sandy deposits Lieut -Colonel Goodwyn is also mistaken as to 
the Lamone, as this river did not enter the Po di Primaro, but debouched 
into the Sea, and however calcareous its deposits in its higher parts may 
be, it decidedly carried sand in the lower parts so that the embankments 
have been greatly raised of late years, and it has done great mischief, 
•whenever it has burst its banks. Many observations were taken in the 
middle of the last century, to ascertain the actual condition of its bed, 
and it was found that the bed of the Po remained stationary in many 
parts of its course for several years, and that sometimes it deepened, 
sometimes raised it again, as it might be effected by the freshes m any 
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one of its tributaries. In fact the great Po, though abounding in water, 
has never occupied a fixed bed, until after having ceased to flou^ver a 
gravelly bottom, it no longer received from its tributaries any other 
matter than sand, and after this frequently it changes its bottom as 
affected by local circumstances, though upon the whole the necessity of 
gradually mcreasing its embankments, denotes a general rise, (though 
perhaps imperceptible,) in its general bed. Now the Po carries much 
more water to the Sea all the year round than the Damoodah, and is 
always subject to freshes, and the latter never, except in the rams, still 
the rivers have so great a similarity, that we may safely calculate that 
the same results caused by the same effects, will occur in the one, that 
have occurred in the other, though perhaps not m equal periods of time ; 
but there is this difference that the Damoodah not being a navigable 
river, the corrosion of its bed is of little consequence, for when the Rail 
Road IS finished, all the coal will come by land, and not by water, I 
totally differ with the Superintending Engineer as to the effects of what 
he calls Major Baker’s proposal of doing away with the bunds on the 
right bank, (it was proposed at the Board long before tlie letter was 
written ) He saj s he knows that tlicre is no elevated tract between the 
Damoodah and Roopnaram , so much the better, tlien the waters will 
flow olf so much more freely, and do no mischief, and cannot form a 
stagnant maibh in the interior, and there will be no banishment from 
their houses for the natives, as they will soon secure their villages from 
inundation, as they have done in other places ; nor will any remission of 
revenue be required, as tlie waters will rise so gradually, and be so 
shallow with so little current, that no mischief will occur to their crops. 
There can be no possible difference between the floods of the Damoodah 
and the floods of the Morhur, Poonpoon, Fulgoo and Soane, (which is 
sometimes added to them, though it was not in 1850,) except that these 
rivers united are much larger than the Damoodah, and yet do no real 
injury to the countiy. 

1 think these observations will prove : first, that if the bunds were aban- 
doned, that we should have every reason to anticipate the same results 
from mundations m this part of the country as occur in the Gya district, 
in Rungpore from the Coosy, and m Assam, and all other districts where 
the rivers are unbunded , secondly, that if in the case of the Damoodah, 
only the left bank bunds are kept up, that the waters of this river will 
never breach the bunds, and mundate the country, as they will have an 
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ample outlet on the right bank, which will not suffer in consequence^ 
whilst '^'ohe zemmdars will be saved a large outlay annually , and lastly, 
that if the bunds are kept up as proposed on both sides, that the danger 
of breaches, and the consequent mischief and loss will be continued, 
whilst the deposit of sand m the bed of the Damoodah will be an object 
of mdifference, the river never having been navigable, and that it is very 
probable that the rise m its bed will be very trifling, and very unequal, 
and that from the great slope of the upper part, any temporary obsti no- 
tion caused by the rise of the bed would be corrected by the accumula- 
tion of water in the upper parts until its body was able to sweep them 
away. The probable cost of the first would be trifling, of tlie second not 
great, as so much has already been done on the left bank, wliilst that of 
the third would, I fear, be so enormous, that even if extended over several 
years as it would be, (it being impossible from their extent to construct 
them at once,) both Government and the zemindars would object to the 
outlay , at any rate, if this is disputed, let us have an estimate of the work 
to enable us to decide this point. 

E GARSTIN 


1st April 1853 


MINUTE BY LIEUT-COL. MACTIER. 

The question of the abandonment of the embankments of Bengal is 
not before the Board, and the necessity for their retention appears from 
the measures adopted in the recommendation of this Board to be fully 
recognized by Government , and what we have now to consider is, how 
the country can best be protected from the injurious effects of the 
annually recurring floods of the Damoodah, whether by embankments 
alone throughout its entire course, as suggested by the Superintendmg 
Engineer in his Report now before us, by the abandonment of these 
works in the right bank of the river leavmg the waters to spread all 
over the outer districts lying between it and the Roopnaram, or as it is 
called there, the Dalkissore, or by a combined system of embankment and 
dramage 

If embankments could be so constructed as not to be liable to erosion, 
tUe Superintendmg Engineer’s project might be feasible, but knowing as 
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we do that the soil through which the course of this river passes, is not 
of a quality to render this possible, I do not think it can be reconv/nended. 

With regard to the abandonment of the bunds m the right bank 
originally suggested for the consideration of the Board by Lieutenant 
Beadle, adopted by the majority. Colonels Cheape and Hawkms, and ad- - 
vocated by Major Baker, the Government Consulting Engmoer, it appears 
to me that unless it can be shown that injury to property would not be 
the consequence, or that Government is prepared to grant liberal com- 
pensation to parties whose property may be injured or destroyed by the 
measure, it cannot, I think, with justice be adopted. 

I would therefore, when submitting Lieut.-Col. Goodwyn’s Report 
to Government, recommend that the bunds in both banks of the 
Damoodah be constructed of efficient Section, and with the view to 
relieve the waters as much as possible, and avoid expenditure by increasing 
their dimensions, that advantage be taken of the natural outlets to lead 
off* the surplus waters mto the Hooghly and Roopnarain. The Canna 
Nuddee, one of these, notwithstanding the earnest solicitation of the 
inhabitants of the district through which it passes, was blocked up last 
year by older of the majority of the Board, so that not a drop of water 
passes that way whether the Board liad any right to obstruct this 
passage, I know not, but be tlus as it may, I would suggest to Government 
that the bund be removed and the escape of the surplus waters be 
encouraged by the excavation of the channel, as prayed for by the people 
and recommended by Major Kennedy, the late Consulting Engineer, and 
the Stipendiary Member of the Military Board. The Nullah branching 
off from the Damoodah opposite Selimpore to within a very few miles 
of the Dalkissoie, suggests the practicability of letting off a portion of 
the floods at this point, but the lateness of the season and the impenetrable 
jungle have prevented 2nd Lieutenant Stewart, who was employed to 
examine the locality, furnishing the Board with the mformation called for. 

This question, with others of equal importance, will be taken up and 
repoited on by the Superintendent of Embankments, who will carry out 
whatever system may be resolved on. 


%th June 1853. 


(Signed) W. MACTIER. 
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No 12733 

From the MILITARY BOARD, 

To THE Most Noble JAMES ANDREW, 

MARQUIS OF DALIIOUSIE, 

Governor of Bengal, 
Revenue Department. 


Fort IFdliam, I5th February, 1854. 


My Lord, 

Department 

Puhiic Work^ Agreeably to the promise contained in the 8tli 

paragraph of our letter, No. 11145, of the 16th ultimo, we have the 
honor to submit copy of a letter. No. 5162, of the 23rcl Januaiy 1854, 
from Lieut-Colonel H. Goodwyn, Superintending Engineer, South-Eastern 
Provinces, containing his remarks upon the memorandum drawn up by 
Captain C. H Dickens, Officiating 2nd Assistant Secretary, Military 
Board, and Ins further observations upon the floods of the Damoodah, and 
measures he would recommend for the protection of the country on the 
right bank of that river, and accompanied by a skct( h Map (in original,) 
showmg the course of the floods 

2n(L Our Board will not increase the bulk of the correspondence already 
before Government by detailing the contents of this letter, but proceed at 
once to make a few brief remarks. 

3rd. Colonel Goodwyn is not correct in his supposition, in the 7tli 
paragraph, that the distances of points on the river above and belowr 
Burdwan, as marked on the Longitudinal Sections, are taken in the most 
direct practicable Imc. They are measured along the centre of the 
channel, followmg its sinuosities. 

4th. The difference between the declivity of the river as taken by 
the fall of the bed, and as taken by the fall of the surface, referred to in 
the 10th paragraph, amounts to less than ^th of a foot per mile on the 
average, which makes no such difference in the amount of the calculated 
discharge as to at all affect the question at issue. 
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5 th. We quite agree with Colonel Goodwyn tliat if the Damoodah 
embankments are to be maintamed^ an efficient establishment should be 
provided for the purpose, and that tkis establishment should be guided by 
a proper Code of regulations and professional mstructions. 

6 th. We arc also perfectly agreed that protection from the floods 
should be afforded to the right bank of the Damoodah, and as to the 
extreme desirableness, or rather necessity, for preventing the ravages 
desciibcd in Colonel Goodwyn’s repoit, if possible The possibility of afford- 
ing this protection is the pomt now \mder discussion, and when it has 
been decided by authority what system is the best to adopt in order to 
secure the greatest advantage** to the country, the works should be 
earned on with the principles of that system m view, and (as wc have 
before lecommendcd,) under the superintendence of an Officer who shall 
have no other duties to attend to. 

7th. We beg to draw attention to Colonel Goodwyn’s estimate for 
placmg the bunds on the right bank m an efficient state, the cost of which 
he reckons at Rupees 3,63,750. 

8th. We have notlimg further to add to the opmions expressed in our 
former communication. 

We have the honor to be. 

My Lord, 

Your Lordship’s most obedient servants. 


E. GARSTIN, Colonel 
W. MACTIER, Lieut.- Colonel 
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No 5162. 

From Lieut.-Col. H GOODWYN, 

Superintending UngimeT^ S E ProvinceSf 

To Lieutenant J. P. BEADLE, 

Officiating Secretary ^ Military Board 

Calcutta, 23rd January 1854. 

Sir, 

Having perused the memorandum on the Damoodah 
Embankments drawn up by Lieutenant Dickens and acknowledged in my 
No. 4638, of 28th December 1853, 1 have the honor to avail myself of the 
permission m the 2nd para, of your No. 10260, of 24th ultimo, to oftcr 
the following supplementary remarks. 

2nd. The conclusion arrived at in the memorandum, that there is a 
necessity for relievmg the river-bed by some means, and that the best 
method is that of abandoning the protection on the right bank, seems to 
be derived from an assumption of the incapacity of the various lower 
reaches of the river-bed to pass the volume of water flowing from the 
upper during floods. 

3rd. I will premise my remarks by stating that the breaches which 
occurred m and since 1840 are •scarcely to be attributable to the want 
of power to resist the flood water, for it is well known how mefScient the 
construction of the embankments has been even up to the last year or two, 
and therefore it can scarcely be a fair deduction, that though the area of 
channel was less, the flood discharge could not take place, for the velocity 
must have eflected the discharge, and the breaches would doubtless have 
occurred with a dimmished flood power. 

4th. The case of the Eastern Jumna Canal alluded to in para. 38, is 
not applicable to the Damoodah. The Canal is an artiflcial channel cut 
through soils varying m density irregularly, and as it appears, the light 
sandy soil in its upper parts,” now the reverse is the case m the Damoodah, 
for lighter and finer sands are m the lower reaches, mcreasing in 
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coarseness as the river is ascended , a|rain^ the channel of the Canal ias an 
equable flow of water throughout the year, or, if difference of volume 
occurs, it IS generated gradually, whereas the river is suddenly affected by 
violent floods, lasting only for short periods, which floods are the true 
governors of the river’s state, and laws to regulate which are only to be 
flamed from the effects on the bed and bank of those periods 

5th The remark regarding surface drainage in the 39th para is only 
applicable to the river above Burdwan, for from its elevated position no 
drainage into its bed occurs between that spot and Omptah, and thus it is 
tliat the heights of the flood levels are so miidi gi eater in the upper 
1 caches, for, the fall being greatei the nesirer the source, the effects are more 
violent there, the torrent having assumed ainoie equable power belo\A, and 
varying m velocity with refeience to the area of chamicl 

6th With refeience to para 56, it is to be lernarked that the em- 
bankments are more stable than the bed or bank'^ of the river 1 am not 
alluding to the former constructions, but to works properly consolidated, 
rammed and turfed, as they ought to be, but which neither bed or banks 
are, and the Section in para 10 of ray report. No 4005, of 10th February 
1853, Mill show that there is more than quadiuple the amount of density 
m the resisting mass of the embankment over that of the water opposed 
to it, even in flood, also paia (22) The banks of the river, too > 
when jiroperly sloped off and artificially coated and turfed, resist well the 
floods, and force the necessary vertical scour as expeiience has pioved 
7 til Referiing to the longitudinal Section at para. 88, the distances, 

marked as “ below Buidwan,” have reference to the most direct practica- 
ble line between any two points, perhaps the line of tlic ictmed embankments, 
w Inch has been drawn as straight as possible , but, in furnishing data for 
tlie calculation of areas, the wmdmgs of the channel play an important 
j) irt in the facility aftbided to the passage of floods. The sinuosities between 
VI and VII arc gieat, and thereby considerably lengthen the channel, 
and attoid, by means of length, an area of discharge more conformable to 
the wider reaches above, for both length and breadth constitute the real 
basin of the flood, extra width being required above where the v lolcnce 
IS greatest (as noted m para. 5), and extra length forming an element m 
the basin to contain, under modified circumstances, the volume that was 
passed above through less length but greater width This appeal's to be 
a provision of nature, who apjiortions the widths of the basins of livers to 
their lengths, and both to the volume, wliicli is contained in a longer 

u 
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channel as its power is decreased in its progress from above. Under tins 
view of the case, which is confirmed by extant authors, I would submit 
with reference to para. 96 that I had studied tlie subject of the capacity 
of discharge, but with reference to the remarks I have just made 

8th. Whether, with reference to para. 168, there be no other remedy 
for the disastrous floods than the abandonment of the rjght bank embank- 
ments is a question the solution of which may possibly be determined on 
the merits of the greatest amount of probabilities likely to affect the 
success of either one scheme or another , but, as the conclusions have all 
been drawn from the channels of the river abo\e the influence of the 
tides, I would ask whether there is not as great a probability of passing a 
certain volume In some of the lower reaches above Omptah, if embanked 
on both sides, as there is below, where the necessity for retainmg both 
sides is admitted to keep out salt water, and where the area of discharge 
is scarcely greater, and where during the flood dm*ation, the incoming 
tide offers no opposition to the powerful ebb ^ 

9th. Water moves down an mclined plane on the principle of falling 
bodies, with an acceleiatcd velocity, to which of course there are limits 
set by nature in the admirable pool and stream system alluded to in part 
III of my report, No 4005, to the above principle is attiibutcd tlie 
primary action of water descending from a higher to a lower level, which 
action IS vertiLoly and though from the formation of river courses and beds 
there is alternate vertical and lateral action, yet the latter is referable to the 
original action on the bottonfi, the lateral action talking place when by 
diversion, or some obstacle, the vertical action is hindered, foi it is plainly 
visible that only if the current is impeded in one direction will it hnd 
passage by another 

10th, In icgard to the remarks in paras 93 and 94, there is a very just 
rule laid down by the Italian Engineers , that " the greater the volume of 
water, the less is the slope of the bed,” but also “ the greater the volume 
of water, the greater the slope of the surface,” and it is for tins reason that 
the slope of the surface governs the motion of the discharge rather than 
the slope of the bed. The gauge piles during the last season of rains 
showed the flood level at Culna to be 25 feet above the river bed, whilst 
the levels of the same Hood at Omptab and Musrak^ were, respectively, 
19' 8" and 17 feet, so that there is a greater fall of surface than of bed, the 
heights having been measured from the bed. From the above therefore, 
no fear of sitting up or deposit can be feared, even where the slope of 
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bed IS diminished, for with diminished slope there is the larger volume, and 
with the larger volume the greater slope of surface which prodijces the 
reqmsite increase of velocity to carry off the matter held in solution, and 
moreover with extra velocity is produced the greater vertical action 
which prevents lateral erosion on the banks or embankments, nor would 
their height require to be increased above tlie standard at present laid 
down. 

11th A report on the Damoodah Embankments published as No 
XII. of Selections fiom the Records of the Bengal Government,” havmg 
been alluded to more than once in the memorandum under acknowledg- 
ment, some remarks on its contents seem to be appropriate here, though 
I rogiet not havmg seen it at an earlier period, that my report of 
February last might have had reference thereto. 

12th In the above pamphlet much is written and commented on 
regarding tlic state of the embankments and their effects^ though but little 
has been advanced touching the causes which liave hitherto led to the 
'N> ant of confidence in the works CKccutcd They are these 

111 the first place tlicie has not yet been any organized system for either 
the construction of embankments or their maintenance , no code of pro- 
fessionally practical iiisti uctions laid down, based on expeiienee, by which 
either a young Olheer or Oveiseer could be gmded. The Military Board, 
m a letter. No 7838, of 30th January 1849, issued an order relative to 
the mode of forming embankments m concave layers, and consohdatmg 
tliem, being a reiteration of an order. No. 6601, of 1st December 1848, 
pievious, however, to this, no positive guiding orders have been placed m 
the hands of the Executive Department of such value as expciiencc had 
taught, to ensure embankments being either efficiently sectioned, properly 
aligned, or adequately supplied with slmces and the means of drainage. 

SecoTtfllt / — Tlie principle feature m the supeimtendence was to obtain 
the lowest possible rate everywhere, and the constant litigation that 
ensued between the protests of the Executive as to the unpossibility of 
doing the very best work at the lowest price and the stringent orders for 
the exaction of so minute a standard, cause as a matter of couise inferior 
woik, merely as self-piotection against tlie consequences of pecuniary rum. 

Thirdltf. — The nature of the subordinate establishment was and is one 
of the greatest drawbacks to efficient work , but few of the Overseers 
have received an education that fits them for embankment duties, for 
It cannot t)e domed that wlieic the pre^nbc height of the flood use is an 
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essential point to ascertain throughout the entire lines, the ait of levelling 
slioulcl Ve known to the person entrusted with the work, for it is physically 
impossible that the Executive Engineer can attend personally to the whole 
of the embankments, scattered over some 900 or 1000 square miles, each 
season. Some slight acquaintance with surveying too they should have, 
yet I know not at this moment of four subordinates, in the whole of the 
embankment divisions between Burdwan and Cuttack, who can either 
survey or level The consequence is that embankments are made below 
the efficient level which has been moie apparent since the establishment 
of flood gauges which I ordered to be erected for the first time last 
year. Of tlie Darogahs and Mohurirs, I cannot write in sufficiently 
deprecatory terms, their sole object is plunder, both of Government 
money and the earnings of the workmen. Dishonesty and utter coriuption 
are the plague spots which mark these men throughout, and they are 
most potent hindrances to good work of any kind that could have been 
introduced to mar the most energetic attempts at improvement I have 
reported this matter and submitted suggestions for remedy, oide my letters. 
Nos 1725 find 1632, of the 26th August 1852, and 3rd July 1853, to the 
INIilitai y Board 

The fourth and last cause of inefficiency and disaster is the entire want 
of legal protection to the embankments The villagers, urged by zemin- 
dars, can cut embankments without fear of detection, and commit deeds 
of atrocity moic fatal m their effects than arson , the plough may cut u[) 
the slopes, and the cattle devour tlic tuif (put on at gieat cost) with 
perfect impunity 

13th Sucli are tlio causes which require immediate remedy before 
the science of tlie Engineer can work reform proportionate to the interests 
or expenditure There arc besides some other considerations necessaiy 
to aid m the good work, V 22 :,that pi oper surveys on a tolerable and 
uniform scale be made of the embankment divisions and the rivers, which 
should be instituted in joint concurrence with the Engineering and 
Revenue Departments, and the extent of individual charges should be 
circumscribed within more practical limits of observation and control. 

14th. There is no want of experience in embanking in the country, 
but there is a want of time on the part of those possessing it to embody, 

_ „ condense, and arrange for the benefit of 

the department at large, the lesult of their 
cxpciience, at present it can only be, as it is, doled out m a Ihicccssion 
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of Orders and Circulars, at irregular intervals, such exist now, but much 
more might and should be added thereto, to render them as serviceable 
as they ought to be. 

15 th. On tho right bank the soil is the same as on the left, the 

Sc Mr Drummond, No 20 of Proportion of population per square mile 

22nd January 1852, paras 27, 28 (where not rendered desolate by the floods) 
Mr Uickctt’s Note para 19 t -i o i 

Military Hoard’s No 2692, of 6th IS the same, the tood required for the 

July 1852, para 14 people IS tlie Same and the same produce 

is required for the same markets. It is true there are the Grand Trunk 

iioad and the Railway on the left bank, but there is on the right, one of 

the principal thoroughfares of Bengal, fioni Calcuta vitl Midnapoie 

to Cuttack, &c , which is endangered every year by the Damoodah floods, 

and has within the last three years been twice seriously breached. In 

1 850, when tho flood poured over the country broke through Boxee 

Bund, and swept away a mile of the Road East of the Roopnaram, and 

this year, when one flood from Kistopore simultaneously with one down 

the Damoodah Khal rushed resistlcssly over the country to the Roop- 

narain, which they together entered at Rogonutporc, and the Boxee IGial 

at Mancoor caused that liver to overflow and bleached the Road between 


it and the Cossye A sketch of the course of these floods is annexed . of 
the utter desolation and ruin which the country presents, no picture can 
be drawn It should be witnessed, as it was by the Collector, Lieutenant 
De Bourbcl, and me, on the 8th December^ to enable opmion to be formed, 
and which would be a strong advocate for jirotection to the hundreds of 
houseless ruined human creatures With my Nos 4245^ and 4513, of the 
6th and 9th December 1853, I forwarded petitions, praying fui the resti- 
tution of these embankments. 


16th. The expression in the 28th para, of Mr Drummond’s letter of 
22nd January, that the feeling of the country, as far as he was able to 
" ascertam, was decidedly and almost univei sally m favor” of the aban- 
donment of the right bank embankments seems to be completely cliangcd, 
(if he a&ccrtamed far,”) for I traversed the whole lino with the Collector 
Mr. Ward, during the caily part of December, who can ceitify to the 
fact thai without one exception, Zemmdais, Putneedars and Ryots made 
anxious sobcitations for the formation of these embankments, and the 
petitions alluded to above likewise corroborate the same. 

17th. The Rajah of Burdwan, when called on to state to Mr Ward 
(the Collcctoi) last Maj', whcthci he objected to the abandonment of the 
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riglit embankments, simjJy objected to tbe shortness of the time for reply 
and expressed no decided objection, since which time I have ascertamed 
from the Collector that the principal part of the land has been let m 
Putnee Talook, the nature of which holding precludes any intimate 
knowledge of the state of the management of the estates, on the part of 
the Zemindar, as he has tiansferrcd his interest to the Putneedar Hence 
the Rajah’s reply above. I find on the land whcie the flood ravaged the 
country last rains. West of Kistopore, that at the hist half-yeaily sale of 
Putnee Talooks Ki&to])orc (the Putnee Jumma of winch was 1,200 per 
annum) was sold for ai rears of Revenue to the Rajah (the Zemindar) for 
Rupees 10 ^ It having thus come into the hands of the Land owner, he 
will not be able to realize more than 100, if so much The Rajah 
tliorefore now, feeling the necessity to be piessing, is anxious as all the 
1 est for the protection to his estates, lest they fall into his hands barren 
as this one. 

18 til. Again, there arc two young Zemindars of Sicekistoporc by 
Culna, on the right bank, who ha^ e been partly educated at Hooghly, and 
who came to us on oui arrival there (7th instant) and told us of their 
anxiety to go again to the college to complete their education, but that 
they were unable, liav mg suffered ruinous losses from the floods of the 
last two or three seasons, which devastated their lands and depopulated 
then villages Such aic some of the strong facts beaiing down the scale 
of piotection. Moreovei, the inhabitants state that the only reason, why 
the few \illagcrs now lemam on the spots lendeicd desolate is, that they 
have tenanted the land fiom their births , that their anccstois are buried 
theic, an<l rather than quit the spots thus lendered sacred, they will 
content themselves with but one crop a year, a precarious existence 
enough. This needs no comment. The area laid waste is about 160 
square miles 

19th Mr. Ricketts m his 10th paragraph likens the Damoodah 

„ under flood to a basin with a hole in the 

Mr Rickctt’s Note, para 10 « « 

bottom receiving a greater influx from a 

cock than can be passed out by the hole. The simile does not hold 

good. It IS not that there is not sufficient area of exit for the waters of 

tlie entire basin, but that violent floods come down so rapidly that they 

execute thrir mission of rum in the higher reaches before they arrive at 

tlic lower, and where they have somew^hat subsided. Wave over wave 

comes rolhng down with impetuous force, and the watexs accumulate 
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rapidly, aa if driven from tjieir mountain bed by some storm spirit. The 

total nse gained by these torrents is from 18 to 22 feet m«half that 

number of hours, and is pouring itself over the right bank at Kistopore 

(by no means a narrow channel) before it is heard of at Omptah. It 

must be borne in mind, too, that these flood waves are not laden with silt 

for fertilizing, but with sand scoured up from the bed and laid on the 

land to its destruction. I may here remark on a prevalent error which 

supposes the floods to be beneficial to the land by the deposit of alluvium, 

such however is not the case, it is only in the cases of equable rises m 

the river without a flood torrent^ which occur during the season when by 

spreading quietly over the land, the fertilizing deposit might be made, but 

the toirent flood bears desolating sand in 
Mr llickett’s Note, para 19 i i 

its tram, nrst ploughing up the 

surface and then sowing it with ruin 

20th This bungs me to the consideration of the retired lines, 

Mr Drummond, No 20. of 22nd I J'egret to observe, 

January 1852, paras 11,13,14,17 been made Without a due recognition of 

the two-fold duties which embankments ought to be made to perform, tlie 
one Tirotcctivo to the country, the other as tending to impiovc the river. 
Tlie latter beinir entirely lost sight of altogether in lines so retned as 
some on the left bank constructed m 1850-51, whilst inefficient protection 
IS afforded at the sacrifice of thousands of bccgalis of land, and many un- 
protected villages The absence of proper levels has blinded the Executive 
Engineer as to the height to which these ought to be carried, thfe lines be- 
hind Mohunpore and Bangamarra were overtopped and breached m several 
places, having been placed more than a mile inland and with a crest little 
higher than the marginal line, the fall of country being considerable. 

Any good effect of these retired lines is more imaginary than real, for 
when the fact of the practicability of passing the flood waters down is 
shown, what remains of good^ — ^that a greater quantity of land is fertilized 
by deposit ^ Not so, for m some of the positions where the lines are so 
thrown back, there are intervenmg villages, numerous tanks, groves of 
trees, &c., which arrest the silt, so that it seldom reaches far beyond the 
margin, whilst as that margin rises, the wraters are pent m at the base of 

, the embankment forming a marsh, and 

Mr Drummond, paras 18, 19 . . _ _ 

keeping its base constantly moist and 

inducing settlement. Thus the entire crops of one-half the year cannot 

be obtained, whilst both the Collector and I were told at Bangamarra 
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that the people coiild no longer remain m the villages, thus abandoned 
to mundstion, but must quit that part of the country, some of the villages 
being a half and others three quiutcrs of a mile Scorn the nvcr. 

2l6t Much has been written about the difference of the value of 

Mr Drnminon. 1 , paras -1 to 10 O’ltside and mside the embankments, 

Mr Kickott’s Note, i)aia. 13 but the matter to be determmed is not 

whether the land outside or inside is most valuable, but whether tlie land 
shall or shall not be rendcre*d, by a sand laden flood, of no value at all. 
It IS not a question whether a theory shall be supported, but whether the 
truth shall be sought for 

I may state that on my first visit to the embankments in 1847, 1 did 
not recognize the two-fold value of the embankments alluded to in the 
last paragraph, and partly advocated the axiom of the shortest distance 
between two points, and the formation of straight lines not havmg 
reference to the river, but havmg since studied the subject I became 
aware of the previously erroneous idea, and am borne out by profession- 
ally Hydraulic Engineers, that the state of the river banks requires great 
attention, and that the permanence of the embankments depends as much 
on the protection of their existence by forcing a vertical action of the 
v^tcr to preserve the banks, as by actual solichty of construction Since 
my leturn to this supermtendcncy 1852, 1 have m a series of Circulais 
laid down nearly a complete guide for the construction and maintenance 
of these works, and I have been gratified that during the last season much 
good has been eflocted Theic is no doubt but that much remains to be 
done, and when the causes of want of confidence referred to in the 12tli 
p.ir.igiapli aie removed,! have little doubt of complete success on both sid(‘s 

22nd That an embankment can be made efficient and able to resist 
the heaviest floods, mark the following: water may be taken as weighing 
65 lbs per cubic foot, and thp force exercised by a gale of wind is com- 
puted at 35 lbs per foot, which may be said to be that of the pressure of 
flood water Thus in the annexed Section* (which is that of a line on 
kit bank) and allowing the piessuie to be exerted at an angle of 45® 
there is an area of 360 feet of water, the pressure of which, as above, is 
equal to 23,400 lbs., which has to be resisted by an embankmenUthe 
weight of a cubic foot of wdiose mateiial is 148 lbs , or giving an entire'* 
mass of 1,22,840 lbs., so that the resistance is about five tim& amount 
of pressure, winch only lasts during the peiiod of the passing ^ 

* Sec page 15 ^ ^ 








